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1.0  INTRODUCTION 


1-1  Authority  for  Building  P-300  ECIP  Package  Updafe 

The  ECIP  package  update  for  Building  P-300,  at  White  Sands  Missile  Range,  New  Mexico,  was 
authorized  by  the  U.S.  Army  Engineer  District,  Fort  Worth,  Texas  under  the  Contract/ Order 
No.  DACA  63-91-C-0152,  Modification  P0002. 


1.2  Purpose  of  Building  P-3Q0  ECTP  Package  TIpHafP 

The  purpose  of  updating  the  ECIP  package  for  Building  P-300  is  to  provide  an  ECIP  package 
with  the  latest  ECIP  criteria  (13  November  1992),  including  an  updated  DD1391  Form  with 
backup  data  and  to  provide  planning  documents  for  the  Energy  Conservation  Opportunities 
(ECOs)  in  this  package.  The  purpose  of  the  original  Contract/Order  No.  DACA  63-91-C-0152 
was  to  analyze  the  application  of  selected  ECOs  to  designated  buildings  and  systems  at  the 
White  Sands  Missile  Range,  New  Mexico. 


1.3  Scope  of  Work 

The  scope  of  work  is  included  in  Appendix  A.  This  is  summarized  as  follows: 

•  Update  ECIP  package  for  Building  P-300,  using  the  13  November  1992  ECIP  criteria, 

and  an  updated  DD1391  Form  with  backup  data. 

•  Provide  planning  documents; 

-  Variable  Air  Volume  (VAV)  Retrofit:  Show  major  ductwork  changes  in  one-line 
form,  hand  drawn  on  existing  plans,  including  location  of  VAV  boxes,  a  typical 
mixing  box  demolition  and  replacement  with  a  VAV  box,  and  a  brief  control 
description; 

“  Air-cooled  Chiller  with  Water-Cooled  Chiller  Replacement:  Show  a  schematic 
diagram  of  the  new  system  indicating  major  components  and  piping  changes; 

-  Chilled  Water  Thermal  Storage  System:  Show  a  schematic  diagram  of  the  new 
thermal  storage  system  indicating  major  components,  piping  changes,  and  the 
approximate  location  of  the  system; 

-  Fluorescent  Lamps  and  Ballasts  Replacement:  Replace  standard  lamps  fluorescent 
lamps  and  ballasts  with  a  reduced-wattage  type. 


2.0  BACKGROUND 

Building  P-300  is  the  Range  Control  building.  It  houses  mission  elements  that  control  the 
various  flight  tests  and  other  missile  range  mission  activities.  The  building  essentially  has  two 


1 


types  of  spaces:  administrative  or  offices,  and  mission  equipment  rooms  which  include 
various  kinds  of  computers,  display  boards  and  scopes,  control  equipment,  communications 
equipment  and  support  equipment,  such  as  printers,  disk  drives,  etc.  The  building  has  two 
stories  with  a  full  basement  and  is  U-shaped  with  a  south  wing  (main  building)  and  east  and 
west  wings  (additions). 

In  November  1992,  an  Energy  Savings  Opportunity  Survey  (ESOS)  was  completed  by  E  M  C 
Engineers,  Inc.  on  several  buildings  at  White  Sands  Missile  Range.  Building  P-300  was 
evaluated  for  the  following  eight  Energy  Conservation  Opportunities  (ECOs): 

•  Use  more  efficient  lighting  fixtures. 

•  Reduce  lighting  levels. 

•  Use  recovered  waste  heat. 

•  Use  dry  bulb  economizers. 

•  Reduce  outside  air  quantities. 

•  Use  thermal  storage  for  demand  reduction. 

•  Convert  constant  volume  air  handling  systems  to  variable  air  volume. 

•  Consolidate  multiple  air-cooled  chiller  (loads)  onto  two  high  efficiency,  water-cooled 
chillers. 

The  annual  energy  use  data,  economic  data,  and  ECO  interactions  were  evaluated.  As  a  result 
of  the  evaluation,  the  following  ECOs  were  recommended: 

•  Convert  seven  air  handling  units  and  air  distribution  systems  to  variable  air  volume; 

•  Replace  one  air-cooled  chiller  with  a  water-cooled  chiller; 

•  Install  a  1,000  ton-hour  chilled  water  thermal  storage  system; 

•  Replace  standard  fluorescent  lamps  and  ballasts  with  low-wattage  fluorescent  lamps 
and  ballasts. 

Each  of  the  ECOs  qualified  with  an  SIR  >1.25,  and  were  recommended  to  be  implemented  as 
an  ECIP  project.  The  ECIP  Program  Documentation  Support  Data  was  developed  and 
submitted  in  Appendix  C  of  Vol.  I,  Book  1  of  the  ESOS  Final  Report,  dated  November  1992. 


3.0  PLANNING  CONCEPTS  FOR  BUILDING  P-300  ECIP  PACKAGE 
3.1  Retrofit  Air  Systems  to  Variable  Air  Volume  (VAVl  Systems 

Building  P-300  was  designed  with  two  types  of  air  handling  and  distribution  systems.  Most 
spaces  are  served  by  both  single  zone  air  handling  units  (SZUs)  that  supply  mechanically 
cooled  air  to  raised  floor  plenums  and  dual  duct  air  handling  units  (DDUs)  ducted  overhead. 
(The  SZUs  were  sized  to  carry  the  equipment  cooling  load  of  the  building.  Space  thermostats 
control  the  dual  duct  system  mixing  boxes  to  provide  occupant  control  over  room 
temperatures.  The  SZU  discharge  temperature  is  controlled  by  thermostats  located  under  the 
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raised  floor  to  maintain  a  55°F  plenum  air  supply  temperature.  The  SZUs  and  the  DDUs  are 
served  by  constant  volume  air  handlers. 

The  office  spaces  throughout  Building  P-300  are  overcooled  because  of  the  lack  of  control  of 
the  SZUs.  The  DDUs  provide  heat  when  needed,  or  extra  cooling  for  equipment'  rooms 
during  times  of  high  mission  activity. 

The  planning  concept  for  the  VAV  retrofit  includes  air  handling  unit  static  pressure  controls 
and  modifications  to  supply  air  systems.  The  following  describes  the  VAV  retrofit: 

•  The  underfloor  supply  air  ducts  from  the  SZUs  that  currently  serve  office  spaces 
would  be  closed  off  by  capping  branch  ductwork.  Only  the  DDUs  would  then  be 
used  to  supply  conditioned  air  to  the  offices. 

•  Controls  would  be  replaced  with  DDC  (direct  digital  controls). 

•  The  SZU  and  the  DDU  air  handlers  would  be  converted  to  VAV  systems  with 
variable  speed  fan  controllers  for  static  pressure  control. 

•  The  existing  DDU  mixing  boxes  would  be  removed  and  new  dual  duct  VAV  mixing 
boxes  would  be  installed,  or  VAV  conversion  kits  would  be  installed  in  existing 
DDU  mixing  boxes. 

•  VAV  terminal  units  would  be  installed  on  the  SZU  ductwork  branches  to  vary  the 
amount  of  supply  air  to  the  raised  floor  plenums. 

•  Space  temperature  would  be  controlled  as  follows: 

For  spaces  where  only  DDUs  are  active,  space  thermostats  would  control  DDU  VAV 
boxes. 

For  spaces  where  both  DDUs  and  SZUs  are  active,  DDU  VAV  boxes  and  SZU  VAV 
terminal  units  would  be  sequenced  with  the  SZU  VAV  terminal  units  leading  in 
control  and  the  DDU  VAV  boxes  lagging  in  control.  This  would  ensure  equipment 
cooling  and  satisfactory  space  temperatures. 

A  100%  shutoff  of  VAV  boxes  would  be  considered  in  the  final  design. 

Extensive  asbestos-containing  material  (ACM)  removal  throughout  Building  P-300  should  be 
done  prior  to  construction  of  the  VAV  retrofit.  ACM  is  located  above  ceiling  panels  as 
sprayed-on  fireproofing.  The  VAV  retrofit  of  the  air  ducts  and  mixing  boxes  would  disturb 
the  sprayed-on  ACM.  A  small  amount  of  piping  also  containing  ACM  insulation  would  be 
disturbed  during  construction. 

The  preliminary  locations  for  the  SZU  ductwork  modifications,  the  SZU  VAV  terminal  units, 
and  the  DDU  mixing  box  replacements  with  DDU  VAV  boxes  are  shown  on  Drawing  Nos. 
M-1  through  M-10  on  pages  B-4  through  B-13  in  Appendix  B.  Typical  details  of  the  existing 
DDU  mixing  box  demolition  and  the  DDU  VAV  mixing  box  installation  and  controls  are 
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shown  on  Drawing  No.  M-11  on  page  B-14.  Typical  details  of  the  SZU  VAV  terminal  units 
for  installation  and  controls  are  shown  on  Drawing  No.  M-12  on  page  B-15.  The  cost  estimate 
for  the  VAV  retrofit  is  presented  in  Appendix  C. 

The  proposed  modification  would  reduce  fan  energy  consumption,  provide  flexibility  in 
coping  with  future  changes,  and  correct  the  problem  of  overcooling  the  offices. 

Currently,  the  chilled  water  set  point  on  all  operating  chillers  is  manually  reset  to  maintain 
space  temperatures.  Depending  on  the  weather  conditions  and  the  time  of  year,  these 
adjustments  may  be  made  several  times  during  a  day.  With  VAV,  supply  air  flow  rates 
would  be  varied  automatically  to  satisfy  cooling  loads.  The  chilled  water  set  point  could  be 
fixed,  or  automatically  reset  for  energy  conservation. 


3.2  Replace  Air-Cooled  Chiller  with  a  Water-Cooled  Chiller 

Building  P-300  is  served  by  8  chillers.  The  main  building  (south)  is  equipped  with  one  165 
ton  and  one  200  ton  electric  centrifugal  chiller,  each  served  by  a  cooling  tower.  The  existing 
200  ton  centrifugal  chiller  is  10  years  old  and  has  approximately  13  years  of  remaining  life. 
The  existing  165  ton  centrifugal  chiller  is  original  building  equipment,  and  is  used  occasionally 
in  place  of  the  200-ton  unit.  Six  air-cooled  chillers  are  located  outside  between  the  east  and 
west  additions  (four  50  ton  and  two  100  ton  air-cooled  chillers).  The  normal  sequence  of 
chiller  use  is  one  of  the  two  centrifugal  units  plus  a  single  50  ton  air-cooled  chiller,  augmented 
by  one  of  the  two  100  ton  air-cooled  units  as  necessary. 

A  computer  simulation  of  the  building  baseline  cooling  load  indicates  that  the  load  varies 
from  a  low  of  approximately  44  tons  in  winter  to  a  summer  high  of  210  tons.  This  was 
generally  confirmed  by  discussions  with  Comfort  Zone,  Inc.  personnel,  who  operate  the 
building  HVAC  systems.  Seldom  are  more  than  two  chillers  required  to  meet  the  load. 

The  planning  concept  for  this  ECO  is  to  discontinue  the  use  of  one  of  the  two  100-ton  air¬ 
cooled  chillers,  and  install  a  new,  100  ton  water-cooled  reciprocating  or  scroll  chiller  to 
augment  the  existing  200-ton  centrifugal  chiller  operation.  The  ECIP  energy  analysis  of  the 
combined  qualifying  ECOs  revealed  a  peak  cooling  load  of  approximately  300  tons  required 
for  the  operation  of  the  chilled  water  thermal  storage.  The  six  air-cooled  chillers  would  be 
retained  for  backup.  The  three  water-cooled  chillers  would  be  served  by  the  two  existing 
coolmg  towers,  since  the  two  centrifugal  chillers  do  not  run  at  the  same  time.  The  following 
describes  the  installation  of  the  new  100  ton  water-cooled  chiller: 

•  The  water-cooled  chiUer  (equipped  with  a  protective  cover)  and  chilled  water  pump 
would  be  placed  on  the  existing  concrete  pad  to  the  east  of  the  50  ton  air-cooled 
chillers. 

•  Chilled  water  supply  and  return  piping  would  be  connected  into  the  existing  chilled 
water  piping  loop. 

•  A  condenser  water  pump  would  be  installed  and  condenser  water  supply  and  return 
piping  would  be  connected  to  one  of  the  existing  cooling  towers. 
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•  A  condenser  water  pump  would  be  installed  and  condenser  water  supply  and  return 
piping  would  be  connected  to  one  of  the  existing  cooling  towers. 

A  schematic  diagram  of  the  new  100  ton  water-cooled  chiller  installation  is  shown  on  Drawing 
No.  M-13  on  page  B-16.  The  cost  estimate  for  the  new  water-cooled  chiller  installation  is 
presented  in  Appendix  C. 


3.3  Install  Chilled  Water  Thermal  Storage  Sy.stem 

Building  P-300  is  mechanically  cooled  8,760  hours  per  year.  Because  the  nighttime  cooling 
load  is  less  than  the  daytime  load,  the  excess  chiller  capacity  could  be  used  to  charge  a  chilled 
water  storage  tank.  The  tank  would  provide  cooling  during  daytime  peak  demand  periods 
to  reduce  naonthly  peak  electrical  demand.  The  cooling  towers  and  air-cooled  condenser  units 
operate  most  efficiently  at  night  when  the  outdoor  ambient  wet  and  dry  bulb  temperatures 
are  lowest.  This  shifting  of  load  not  only  reduces  daytime  peak  demand,  but  gives  an  overall 
reduction  in  the  average  kW/ton  for  chiller  operation. 

El  Paso  Electric  Company  currently  pays  a  rebate  to  customers  that  shift  on-peak  chiller 
compressor  motor  loads  to  the  off-peak  period.  The  rebate  is  $190/kW  based  on  the 
calculated  annual  design  cooling  load. 

The  planning  concept  for  this  ECO  includes  the  installation  of  a  chilled  water  thermal  storage 
system  and  is  described  as  follows: 

•  Provide  a  1,000  ton-hour  chilled  water  thermal  storage  tank  that  would  be  placed 
underground  to  the  north  of  the  100  ton  McQuay  air-cooled  chillers. 

•  Install  new  piping  that  would  connect  the  thermal  storage  tank  to  the  existing  chilled 
water  loop. 

•  Install  control  valves  and  a  variable  speed  pump  that  would  control  the  flow  of 
chilled  water. 

•  Install  DDC  controls  that  would  be  used  to  control  the  existing  pumps,  the  variable 
speed  pump,  and  the  control  valves. 

A  schematic  diagram  of  the  chilled  water  thermal  storage  system  installation  is  shown  on 
Drawing  No.  M-13  on  page  B-16.  The  cost  estimate  for  the  chilled  water  thermal  storage 
system  is  presented  in  Appendix  C. 


3.4  Replace  Fluorescent  Lighting 

Except  for  a  small  number  of  spot  incandescent  lights  used  infrequently  during  selected 
mission  activities,  the  lighting  in  Building  P-300  is  a  mixture  of  standard  and  reduced  wattage 
fluorescent  lamps  and  ballasts.  Some  of  the  fluorescent  fixtures  have  been  disconnected  as 
part  of  an  energy  conservation  program.  Discussions  with  building  area  managers  and  electric 
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shop  personnel  indicate  that  the  existing  fluorescent  fixtures  are  a  mixture  of  standard  and 
reduced  wattage  type.  For  evaluation  purposes,  it  was  assumed  that  one-third  of  the  existing 
fluorescent  fixtures  are  of  the  reduced  wattage  type.  The  locations  of  the  reduced  wattage 
fluorescent  fixtures  are  unknown.  For  this  reason,  it  is  now  recommended  that  the  entire 
fluorescent  lighting  system  be  upgraded  with  new  reduced  wattage  fluorescent  lamps  and 
ballasts.  It  is  estimated  that  1,245  fluorescent  fixtures  would  be  upgraded.  The  cost  estimate 
for  this  ECO  is  presented  in  Appendix  C.  The  calculations  per  building  zone  and  the  building 
zone  layouts  are  presented  in  Appendix  D. 


4.0  ECIP  PACKAGE  UPDATE  FOR  BUILDING  P-300 

The  ECIP  program  documentation  support  data  were  updated  as  follows: 

•  DD1391  forms  were  revised  to  include  new  dates,  a  savings-to-investment  ratio,  an 
internal  rate  of  return,  a  simple  payback,  and  the  TriService  Military  Construction 
Program  (MCP)  Index. 

•  Sample  calculations  for  the  annual  recurring  maintenance  cost  savings  were  included 
for  the  upgraded  fluorescent  lighting  system. 

•  Life  Cycle  Cost  Analyses  were  updated  using  the  latest  ECIP  criteria  (13  November 
1992). 

•  The  cost  estimate  analysis,  DA  Form  5418-R,  was  updated  to  include  cost  increases 
for  the  VAV  conversion,  the  chiller  replacement,  and  the  reduced  wattage  fluorescent 
lamps  and  ballasts.  The  Army  Construction  Program  Cost  Growth  Factor  was  also 
updated. 

The  VAV  conversion  cost  was  increased  to  include  10  additional  VAV  terminal  units  with 
controls  for  the  SZU  air  distribution  system.  This  cost  was  not  included  in  the  previous 
estimate  for  the  VAV  conversion  ECO. 

The  chiller  replacement  cost  was  increased  to  include  piping,  pumps,  and  electric  power 
hookup.  This  cost  was  not  included  in  the  previous  estimate  for  the  chiller  replacement  ECO. 

The  lighting  cost  was  increased  to  include  the  replacement  of  an  additional  one-third  of  all 
the  fluorescent  lamps  and  ballasts  in  the  building.  The  previous  cost  analysis  included  the 
replacement  of  two-thirds  of  the  fluorescent  lamps  and  ballasts. 

The  combination  of  ECOs  recommended  for  the  ECIP  program  is  referred  to  as  the  modified 
configuration.  The  annual  energy  use  data  and  the  economic  summary  for  the  modified 
configuration  are  presented  in  Tables  4-1  and  4-2  respectfully. 


6 


TABLE  4-1 

ANNUAL  ENERGY  USE  DATA 


Configuration 

Purchased  Utilities 

Elec. 

Energy 

Savings 

(kWh) 

Average 

Demand 

Reduction 

(kW) 

Gas 

Energy 

Savings 

(MBtu) 

Elec 

(kWh) 

Elec 

(kW) 

Gas 

(MBtu) 

Baseline 

A, 675, 776  ' 

736.7 

2,355 

- 

- 

- 

Modified 

configuration 

3,285,543 

551.0 

1,612 

1,390,233 

317.8 

743 

TABLE  4-2 

ECONOMIC  SUMMARY  FOR  ECIP  PACKAGE 


Configuration 

Electric 

Energy 

($/yr) 

Electric 

Demand 

($/yr) 

Gas 

Energy 

($/yr) 

Construction 

Cost 

($) 

Maintenance 
Cost  Savings 
($/yr) 

Simple 

Payback 

(yrs) 

SIR 

Modified 

Configuration 

30,748 

71,936 

1,642 

524,275 

5,060 

5.2 

2.6 

The  individual  ECOs  are  backed  out  of  the  computer  simulation  model  one  at  a  time  in  order 
to  determine  the  energy  savings  with  the  effects  of  interaction.  The  results  are  presented  in 
Tables  4-3  and  4-4. 
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TABLE  4-3 

ANNUAL  ENERGY  CONSUMPTION  DATA  OF  ECOS  WITH  INTERACTION 


Configuration 

Purchased  Utilities 

Elec. 

Energy 

Savings 

(kWh) 

Average 

Demand 

Reduction 

(kW) 

Gas 

Energy 

Savings 

(MBtu) 

Elec 

(kWh) 

Elec 

(kW) 

Gas 

(MBtu) 

Modified 

Configuration 

3,285,543 

551.0 

1,612 

— 

— 

- - 

VAV 

4,433,935 

673.7 

2,373 

1,164,899 

67.5 

761 

Chiller 

3,460,157 

617.6 

1,617 

179,015 

18.0 

0 

Thermal  Stor¬ 
age 

3,279,396 

599.6 

1,612 

(6,147) 

48.6 

0 

Lighting 

3,301,940 

624.0 

1,585 

1,373,825 

73.0 

(27) 

TABLE  4-4 

ECONOMIC  SUMMARY  OF  ECOs  WITH  INTERACTION 


ECO 

Electric 

Energy 

($/yr) 

Electric 

Demand 

($/yr) 

Gas 

Energy 

($/yr) 

Construction 

Cost 

($) 

Maintenance 
Cost  Savings 
($/yr) 

Simple 

Payback 

(yrs) 

SIR 

VAV 

25,534 

17,336 

1,684 

309,566 

0 

7.7 

1.85 

Chiller 

3,998 

4,212 

0 

72,893 

(1,000) 

11.3 

1.25 

Thermal  Storage 

(136) 

25,019 

0 

82,500 

0 

3.3 

4.25 

Lighting 

499 

5,655 

(61) 

59,316 

6,060 

5.4 

1.78 

Each  of  the  ECOs  qualifies  with  an  SIR  >  1.25.  The  ECIP  program  documentation  support 
data  is  provided  in  Appendix  B  of  this  report. 
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APPENDIX  A 

SCOPE  OF  WORK 
CONFIRMATION  NOTICES 


DETAILED  SCOPE  OF  WORK 
CONTRACT  NO.  DACA63-91-C-0152 
MODIFICATION  P0002 


!•  The  Architect-Engineer  (A-E)  shall  furnish  all  services, 
material,  supplies,  plant,  labor,  equipment,  investigations, 
studies,  superintendence  and  travel  as  required  in  connection 
with  the  below  identified  project  in  accordance  with  the  original 
basic  contract  and  this  Detailed  Scope  of  Work.  Appendix  ^^A”  of 
the  basic  contract  shall  be  followed  for  performance  requirements 
for  A-E  services.  Where  this  Detailed  Scope  of  Work  conflicts 
with  Appendix  *^A”  ,  this  Detailed  Scope  of  Work  shall  govern. 

INSTALLATION  PROJECT  TITLE 

White  Sands  Missile  Range  Energy  Savings  Opportunity  Survey 

(ESOS) 

2.  The  work,  design,  related  data  and  services  required  in  this 
contract  shall  be  accomplished  within  the  limitation  of  cost  on 
subject  project  stated  above  and  scope  of  work  described  in 
paragraph  3.  The  schedule  for  delivery  of  data  to  the 
Contracting  Officer  is  in  calendar  days  as  follows: 


BASIC 

CONTRACT  DELIVERY 
MODIFICATION  SCHEDULE 


a.  Preliminary  Submittal(s)  * 

and  Related  Data  or  Studies 
( 10  copies  ) 


21  calendar  days 
(after  receipt 
of  signed 
modif icat ion 


b.  Final  Submittal(s) 
(10  copies) 


*  10  calendar  days 

after  approval  of 
the  Preliminary 
Submittal 


3.  The  items  of  work  included  in  this  modification  shall  be  in 
accordance  with  criteria  furnished.  The  services  to  be  provided 
shall  include,  but  not  be  limited  to,  the  following: 

a.  Items  of  Work: 


(1)  Update  ECIP  package  for  Building  P-300,  using  the 
13  November  1992  ECIP  criteria,  and  an  updated  1391  and  backup 
data. 

(2)  Install  VAV.  Show  major  ductwork  changes  in 
1-line  form,  hand  drawn  on  existing  plans,  including  location  of 
VAV  boxes,  a  typical  mixing  box  demolition  and  replacement  with  a 
VAV  box,  and  a  brief  control  description. 


A-1 


(3)  Replace  air-cooled  chiller  with  water-cooled 
chiller.  Show  a  schematic  diagram  of  the  new  system  indicating 
major  components  and  piping  changes, 

(4)  Install  1000  ton-hour  chilled  water  thermal 
storage.  Show  a  schematic  diagram  of  the  new  system  indicating 
major  components,  piping  changes,  and  the  approximate  location  of 
the  system. 

(5)  Replace  fluorescent  lamps  and  ballasts.  For  each 
floor,  identify  on  existing  drawings,  in  hand-drawn  form,  the 
fixtures  requiring  lamp  and/or  ballast  replacement. 

b.  Government  Furnished  Items. 

(1)  Existing  reference  material  for  Building  P-300. 

(2)  Project  related  as-built  drawings. 

(3)  The  new  Energy  Conservation  Investment  Program 
(ECIP)  Guidance,  dated  4  &  13  November  1992. 

c.  Special  Requirements  -  Distribution  of  submittal 
documents  are  as  follows: 

(1)  Three  copies  of  all  documents  shall  be  mailed  to: 
Commander 

U.S.  Army  Engineer  District,  Fort  Worth 
819  Taylor  Street/P. O.  Box  17300 
ATTN:  CESWF-ED-M/Richard  Champagne 

Fort  Worth,  TX  76102-0300 

(2)  Seven  copies  of  all  documents  shall  be  mailed  to: 
Commander 

US  Army  White  Sands  Missile  Range 
ATTN:  STEWS-EL-PE/Mr .  Delgado 

White  Sands  Missile  Range,  New  Mexico  88002-5076 
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CONFIRMATION  NOTICE 


Confirmation  No. 
DATE: 

PROJECT: 
CONTRACT  No.: 

Prepared  by: 

Subject: 


EMC  #1110-000 

25  March  1993 

To/From:  Richard  Champagne  PHONE  #:  817/334-2750 

Representing:  Ft.  Worth  COE 

White  Sands  ESOS 
DACA  63-91-C-0152 

Paul  Kauffman 

Negotiation  of  Contract  #DACA  63-91 -C-0152,  ESOS  at  White  Sands 
Missile  Range.  Modification  #0001,  Update  ECIP  Package  for  Building 
P-300 


The  proposal  was  reviewed.  Clarification  was  discussed  regarding  the  following: 

1.  Site  Investigations. 

Davenport  stated  that  we  believe  we  have  all  the  necessary  information  in  our  files  to 
prepare  the  one-line  diagrams,  and  the  mark-ups  of  existing  drawings,  and  do  not 
anticipate  any  site  visits. 


2.  Type  of  drawings  to  be  prepared. 

Davenport  explained  that  we  expected  to  mark-up  copies  of  existing  drawings  for  use 
in  planning  the  VAV  system  component  of  the  project.  We  will  also  prepare  sketches 
of  a  typical  mixing  box  changeout,  and  include  a  brief  control  description.  Mark-ups 
of  drawings  will  be  done  using  heavy,  bold  lines  to  identify  new  work. 

For  the  chiller  replacement,  and  thermal  storage  components  of  the  project,  we 
anticipate  preparing  one-line  diagrams  of  the  system  components,  and  major  piping 
changes. 

For  the  lighting  replacement,  we  recommend  a  complete  lighting  changeout,  rather 
than  trying  to  identify  individual  fixtures  for  replacement.  Richard  acknowledged  that 
Tom  Forster  and  he  had  also  discussed  that,  and  that  it  may  be  more  logical  to  specify 
a  complete  changeout  of  the  fluorescent  lighting. 


3.  Difference  in  "Technician"  versus  "CADD  Operator"  hours  in  drawing  preparation. 

Davenport  stated  that  we  anticipate  using  a  CADD  Operator  to  prepare  the  necessary 
one-line  diagrams,  but  will  use  a  Technician  (Designer)  to  prepare  the  drawing  mark- 
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Richard  Champaign 
25  March  1993 
Page  2 


ups  under  the  supervision  of  an  Engineer  or  Senior  Engineer. 


Richard  identified  the  reviewers  of  the  MOD  as: 

•  Julian  Delgado  (WSMR) 

•  Dan  Ellis  (Ft.  Worth  COE) 

•  Tony  Battaglia,  (Mobile  COE) 

Richard  requested  that  copies  of  correspondence  between  EMC  and  Julian  be  sent  to  Tony  and 
himself.  It  was  suggested  that  we  use  the  terms  "planning  documents"  or  "planning  concepts" 
rather  than  "design"  in  our  submittal  language,  since  our  work  is  not  a  preliminary  design. 

The  proposed  amount  was  accepted. 

Richard  said  we  should  expect  the  Modification  in  one  week. 


Paul  k  Kaiiffman 
Action  Required: 

Copies  to:  Don  Davenport 

Paul  Kauffman 
File 

If  any  portion  of  this  confirmation  notice  is  incorrect,  please  notify  us  immediately.  If 
correspondence  is  not  received  to  the  contrary  within  14  days,  it  wil  be  assumed  that  the 
decisions  and  conclusions,  and  status  outlined  in  this  confirmation  notice  is  incorrect. 
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APPENDIX  B 


PROGRAM  DOCUMENTATION  SUPPORT  DATA 


1.  COMPONENT 

ARMY 

FY  1996  MILITARY  CONSTRUCTION  PROJECT  DATA 

2.  DATE 

3  AUG  93 

3.  INSTALLATION  AND  LOCATION 

White  Sands  Missile  Range,  New  Mexico 

4.  PROJECT  TITLE 

EC  IP  HVAC  /  Lighting  Upgrade  - 
Building  P-300 

5.  PROGRAM  ELEMENT 

6.  CATEGORY  CODE 

7.  PROJECT  NO. 

8.  PROJECT  COST  ($000) 

650 

9.  COST  ESTIMATES 

ITEM 

U/M 

QUANTITY 

UNIT 

COST 

COST 

($000) 

Primary  Facility: 

a.  Convert  7  air  handling  units  (AH Us)  and 
air  distribution  systems  to  variable  air 
volume  (VAV). 

b.  Replace  one  air-cooled  chiller  with  a 
water-cooled  chiller. 

c.  Install  a  1 ,000  ton-hour  chilled  water 
thermal  storage  system. 

d.  Replace  standard  fluorescent  lamps  and 
ballasts  with  reduced-wattage 
fluorescent  lamps  and  ballasts. 

LS 

524 

Supporting  Facilities: 

Design  Cost  (6%) 

Estimated  Contract  Cost 

LS 

_S1 

555 

Contingency  (1 0%) 

LS 

_5e 

Subtotal 

611 

Supervision,  Inspection  and  Overhead  (5.5%) 
Category  E  Equipment 

LS 

34 

-Jl 

TOTAL  REQUEST 

TOTAL  REQUEST  (ROUNDED) 

645 

650 

10.  DESCRIPTION  OF  PROPOSED  CONSTRUCTION 

The  proposed  construction  on  building  P-300  at  the  White  Sand  Missile  Range  consists  of  the 
following: 

•  Convert  four  single  zone  and  three  dual-duct  air  handling  units  to  VAV  systems  by 
installing  variable  air  volume  mixing  boxes  and  variable  frequency  drives.  Perform  all 
necessary  mechanical,  electrical,  and  support  work; 

•  Replace  a  100  ton  air-cooled  chiller  with  a  new  100  ton  water-cooled  chiller.  Connect  the 
new  chiller  to  an  existing  cooling  tower.  Perform  all  necessary  mechanical,  electrical, 
and  support  work; 

•  Install  a  1,000  ton-hour  chilled  water  thermal  storage  system  and  perform  all  mechanical, 
electrical  and  support  work  to  integrate  the  thermal  storage  system  into  the  existing 
chilled  water  system; 

•  Replace  2,545  standard  4  ft.  fluorescent  lamps  with  reduced-wattage  fluorescent  lamps; 
replace  1 ,263  standard  fluorescent  ballasts  with  reduced-wattage  ballasts. 
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1.  COMPONENT 

ARMY 

FY  1996  MILITARY  CONSTRUCTION  PROJECT  DATA 

2.  DATE 

3  AUG  93 

3.  installation  and  location 

White  Sands  Missile  Range,  New  Mexico 

4.  PROJECT  TITLE 

ECIP  HVAC  /  Lighting  Upgrade  -  Building  P-300 

5.  PROJECT  NUMBER 

11.  REQUIREMENT 


PROJECT: 

Conversion  of  the  existing  single  zone  AHUs,  dual-duct  AHUs,  and  ductwork  from  constant  volume  air  systems 
to  variable  air  volume  systems;  the  replacement  of  a  100  ton  air-cooled  chiller  with  a  water-cooled  chiller; 
installation  of  a  1,000  ton-hour  chilled  water  thermal  storage  system;  and  the  replacement  of  standard 
fluorescent  lamps  and  ballasts  with  reduced-wattage  lamps  and  ballasts.  Reference  Drawing  Nos.  M-1  through 
M-12  for  locations  and  details  regarding  the  conversion  of  7  air  handling  units  and  air  distribution  systems  to 
variable  air  voiume.  Reference  Drawing  No.  M-1 3  for  the  piping  schematics  regarding  the  installation  of  a  100 
ton  water-cooled  chiller  and  a  1,000  ton-hour  chilled  water  thermal  storage  system. 


REQUIREMENT: 

This  project  is  required  to  reduce  the  natural  gas  and  electrical  consumption  of  the  air  handlers  by  reducing  the 
air  flow  rates  through  variable  volume  air  flow  technology.  This  project  is  also  required  to  reduce  building 
electrical  energy  consumption  of  the  lighting  and  air  conditioning  chillers  by  installing  new  equipment  with 
improved  efficiency.  This  project  is  also  required  to  reduce  the  WSMR  electrical  demand  charges  via  the 
installation  of  a  chilled  water  thermal  storage  system  to  shift  the  chilled  water  equipment  load  to  the  off  peak 
period. 

CURRENT  SITUATION: 

The  air  system  in  building  P-300  was  designed  to  handle  high  equipment  heat  gains  in  mission  activity  spaces. 
Over  the  years,  most  of  the  original  mission  equipment  has  been  replaced  with  reduced  wattage  equipment. 
There  have  been  no  adjustments  to  fan  supply  air  rates,  although  the  supply  air  flow  rates  to  various  spaces 
have  been  adjusted  many  times.  Most  office  areas  are  supplied  by  both  the  dual-duct  AHUs  and  the  single¬ 
zone  AHUs  via  underfloor  plenums.  Overcooling  occurs  in  these  office  areas  due  to  control  problems. 

Building  P-300  is  served  by  8  chillers.  The  8  chillers  are  connected  to  a  chilled  water  loop  that  serves  the 
entire  building,  and  operate  24  hours  per  day.  This  adds  to  the  Main  Post  peak  electrical  demand.  The  main 
portion  of  the  building  is  equipped  with  one  165  ton  and  one  200  ton  electric  centrifugal  chiller,  each  served  by 
a  cooling  tower.  Six  air-cooled  chillers  are  located  outside  between  the  east  and  west  additions.  The  normal 
sequence  of  chiller  use  is  one  of  the  two  centrifugal  units  plus  a  single  50-ton  air-cooled  chiller,  augmented  by 
one  of  two  100-ton  air-cooled  chillers  as  necessary.  The  existing  200  ton  centrifugal  chiller  is  10  years  old  and 
has  approximately  13  years  of  remaining  life.  The  existing  165  ton  centrifugal  chiller  is  original  building 
equipment,  and  is  used  occasionally  in  place  of  the  200-ton  chiller.  The  cooling  ioad  varies  from  a  low  of 
approximately  44  tons  in  winter  to  a  summer  high  of  210  tons.  Seldom  are  more  than  two  chillers  required  to 
meet  the  load. 

Building  P-300  is  equipped  with  a  mixture  of  standard  fluorescent  lamps  and  ballasts  and  reduced-wattage 
lamps  and  ballasts. 
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DATE  3.  INSTALLATION  AND  LOCATION 

AUG  93  White  Sands  Missile  Range,  NM 


4.  PROJECT  TITLE 

EClP  HVAC/Liqhtinq  Upgrade 


TO  tottLK  AMO 

PUMr  COUtKOl,4 


TO 

Tr,T3.*-<t 


®«XI£.  ^ 

_A 


*Axa44  50X  (frn 


CONTROL  SFQU=W 
CCMFCRl  *IR  CCKDi TICKING  (W-l) 

I.  cicsiNG  s»ncM  s»,  ckergizes  the  coNiROi  cn-nin 
AIR  CAUPER  0^  AND  STARTS  THE  fAM. 

?.  STATIC  PRESSJSE  CCMTRaiERS  SP|  CCNE  EACH  flOOR 
.  0|  TO  WAIKTAIN  O.s  \n.  ».G.  POSITIVE  STAHlC  PT 
RESPECT  TC  the  CUTSIOt. 

3.  fREEZE-STAT  T,  ■tu  CPEH  SA|  If  THE  MIXED  AlP  TE 

4.  FIRE-STATS  Tp.  T3.  OR  T4  WILL  OPEK  SWITCH  S«|  ► 
FROM  ANT  floor  RISES  TO  125®  f. 

5.  OUCT-STAT  T^  VCDUIATES  MtlING  VALVE  V|  TO  UAINTI 
CUTDOCR  CONTRaiER  Tg  RESK'S  107  D€a  CCNTPOI  f 
TEUPERATURE  DROPS.  HOT  DECK  TEMPERATURE  SHALL  I 
THE  CUTOCCR  TElKTRATWE  DROPS  TO  ?i®  f.  ANO  SMAl 
temperature »  WEW  the  OnOOCR  TEMPERATURE  RISES 

6.  DUCT-STAT  WOOULATES  MIXING  VALVE  V?  TO  lUlWTi 
AT  49®  FOB. 

7.  ZONE  THEPMCS1AT  'T*  MOOUIATES  THE  UIXIMG  BOK  OAA 

temperature  at  72®  FOB- 

e.  HUUIOSTAT  H,  located  id  the  RA  stream  WILL  coni 
HOLD  A  401  10  501  «. 


EOUIFVTUT  AIR  OMIlllOilNC  ESC*!) 

1.  CLOStl*  SlIlOl  S»p  EKERGlZES  THE  C-WlFCl  CiPlun 

2.  OICT-STAT  Tg  MCOUIAIES  MIXING  VALVE  ¥3  1C  MAiNll 
AIR  TEUPERATURE  AT  52®  FOB  ANO  CONTROLS  CiRCUlAl 

3.  STATIC  PRESSURE  CCMTROllERS  SPp  ClAl  i  2»il  FLOCI 
TO  MAINTAIN  1.0  IN  1.6.  POSITIVE  STATIC  PRfSSOfit 
RESPEa  TO  the  SPACE  ABOVE  THE  PLENUM. 

4.  FREEZE-STAT  To  OPENS  SWITCH  SW?  WHEN  THE  RETURN 
40®  FOB. 

5.  FIRE-STATS  Tp.  T3.  I  T4  Will  OPEN  SWITCH  SWj  WMF 
FROM  ANY  FlOCR  RISES  TO  125®  F. 

6.  SWITCH  SW3  (ONE  EACH  ROOR}  INTERRUPTS -THE  CCMTl 

aOSING  The  damper  ado  cutting  off  the  flocr  pie 

FAH  SHALL  STOP  WEN  DAMPERS  t%  A  O7  ARE  aOSED  A 
DAMPER  1$  OPEN.  SWITCH  SW3  SHALL  S£  LOCATED  AS 


X  * - -C'  <0  <r,  ts ,  <  <4 

<LiA»JDM£teX  (  if  ^0  r  lOCMi 

(>'-Cr  AbOVt  COlAfUiOt  flOOK  U  J\00i4  0002 -A 


■  fc.  ■ 

pia^kam 

.r.- 

-<r 


-kj. 


CM  I L I E  RS  CH- 1  AND  CH-? 

I.  CHILLERS  shall  be  SnX’CKaD  AS  THE  CCCl  I1>s  tCAO 
BY  SENSORS  IN  THE  CHILLED  AATER  RETURN  CA  AS  REC 
:  2.  SEOUfNCE  SHALL  BE  UAWAttV  «VtRSIfl£-^ 

3.  FLCt  SWITCHES  IN  THE  CHILLED  KATER  LINE  SmAH  PF 
WHEN  CHILLED-AATER  PlAfP  IS  OFF. 

CHILLERS  CH-3  AND  CH-4 

1.  CHILLER  SHAll  be  ERElClZCD  UANUALLT  BY  A  HAND  Of 
--  LOaTEO  IN  THE  MECHANICAL  ROOM  OF  THE  NEW  AOOITl 

2.  CHILLERS  SHALL  OPERATE  SAME  AS  CMilLERS  CH-I  A  C 


POWf-Jf  FAllUKt  •flwE-P 
rKUii  CiMfMULfl  K-l 
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PUMP6,  Hr-a  .  i  CW?-Z 


_ !  KtiiPKOCATilslA  CUIU.£A  CH-liCH-3 

X  (  AinOMA-fiC  0PCKAtlKj6  i 


mW^iA  OAAtfA-^ 

. »j<3>  iii.wotiaM 

■  CM-I  I  OI-rOKILT'  ■  III 

'  'tCirXOCATfJA  chiller  CH-2  I  CM-4 
■  AUT0K4ATIC.  OPEAATIUA  4  JAFETF  CiNKKZM 


MWX-i.^  M-TlCU-i- 

r»PE  HtA-rikJii'crA^.  Mrr  fo^ 

.  CH-C,  CH-3  t  6H-4  )  A 

'V  I — 

—.y^. - *  f  1 _  •— 


NOTES: 


THIS  DRAMNC  9i0«5  LOCADOHS  OTTFC 

•  DUAL  DUCT  UnONC  BOXES  TO  BE 
REPLACED  WITH  DUAL  DUO  VAV  BOK 

DRAMNC  NOTE^  AM)  LOCATIONS  OF  WMc 
ICP-pKOJEa  ARE  KKATED  BY  ICAVT  L 

CETARS  PER  DRAWHC  M-ll  APRY  TO  N. 
.  DUAL-DUCT  UUMC  BOX  LOCADONi  - 


PCANNING'  Dd 
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CMC  DtONCTW  me.  U.5.  Ai 

J730  5  WADSwgrjH 
OCNVCN.  CXUWUOO 
tXHVEH  ATLANTA 

WNtTE  SANDS  UtSSlL£ 

tap  HVACAiGHTlNG  U 
RANGE  COKHtOL  CD 

VAV  RE 
HVAa  SECOND 
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4.  PROJECT  TITLE 

e>  NM  EClP  HVAC/Liqhtinq  Upgrade  —  Bldg.  500 


5.  PROJECT  NUMBER 
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COHTBOl  SEQU^WCF 
CCUFCR1  AIR  CCKDITICXIMG  tW  l) 

J.  QCSING  S«iTO<  S»,  EKEBGI^tS  THE  CCHTROt  CIF^Cirt?  ThRO  EP|  CPEHfHG  OlTSlDE 
AIR  CAUPER  0i  AHO  STARTS  THE  FAN. 

2.  STATIC  PRESSJRE  COtTROllERS  Sf»,  TCnE  £AC«  FLOOR)  yOOULATE  DAMPERS  0^  034 
.  0|  TO  WAHiTAIN  0.5  IN.  ».G.  POSITIVE  STAHlC  PRES  IN  THE  SPAa  NITH 

RESPECT  TC  THE  OUTSIDE. 

3.  FREEZE-STAT  T,  »lil  OPEN  Si|  IF  THE  MIXED  AlP  TEMPERATURE  ORC=S  BElCl  aO®  f. 

4.  FIBE-STATS  Ip.  13.  OR  It  MILL  OPEN  SNITCH  SN(  RHEN  Th£  RETURN  AIR  TEitfERATURE 

FROM  ANT  Floor  rises  to  125®  f. 

5.  OUCT'STAT  T5  MODULATES  MIXING  VALVE  V,  TO  MAINTAIN  HOT  DECK  TEMPERATURE. 
CUTOOCR  CONTfiOllER  tg  RESETS  KIT  DECK  CONTROL  POINT  UP  AS  THE  OUTDOOR 
temperature  drops,  hot  DECK  TEMPERATURE  SHALL  «ROl  MAXItAJM  (IM®  F->  WEN 
THE  CUTDCCR  TEMPERATURE  DROPS  TO  ?l®  F.  AMO  SMALL  BE  UINIIWM  (UIXCO  AIR 
TEMPERATURE)  WEN  THE  OUTOOCR  TEMPERATURE  RISES  TO  K®  F- 

6.  DOCT-STAT  T7  modulates  mixing  valve  V?  TO  MAINTAIN  THE  COLO  DECK  TEMPERATURE 
AT  49®  FM. 

7.  ZONE  THEPUCSTAT  ‘T*  MODULATES  THE  MIXING  BOX  0«*»CRS  TO  MAINTAIN  SPACE 
TEMPERATURE  AT  729  FOO. 

8.  MUUI0STA1  H,  lOCATEB  IN  THE  RA  STREAM  Nln  CC««X  T«  PCSITICM  VALVE  TO 
Mao  A  40%  TO  50f  m. 

CCWIPWaT  AIR  CONDITICXlIkC  (SC-I) 

1.  CLOSII*  SNITCH  SN^  ENERGIZES  .'HE  ClNTICt  CIRCUIT  TMPJ  EFp  AnO  STAItTS  Tm£  Fan. 

2.  DUa-STAT  Ig  UCOUIATES  MIXING  VALVE  V3  TC  MAINTAIN  THE  FLOOR  PLENUM  ENTERING 
AIR  temperature  at  52®  fob  and  CONTROLS  CIRCULATING  PUMP  IN  AN  ON-OFF  MANNER. 

3.  STATIC  PRESSURE  COITROILERS  SP?  list  i  2n4  FLOCR)  MOOUUTE  DAMPER  1%  &  O7 
TO  MAINTAIN  1.0  IN  1.6.  POSITIVE  STATIC  PRESSURE  »■  IMC  aOOR  PlEMJM  »ITH 
RESPEa  TO  THE  SPACE  ABOVE  THE  PLENUM. 

4.  FREEZE-STAT  Tg  OPENS  SWITCH  5N?  NHEN  THE  RETURN  AIR  TEMPERATURE  DROPS  TO 
4C®  FOB. 

5.  FIRE-STATS  Tp.  T3,  A  T4  NUl  OPEN  SNITCH  5^2  WEH  THE  RETIMI  AIR  TEMPERATURE 
FROM  ANY  FLOCR  RISES  TO  125°  F. 

6.  SNITCH  Si3  (ONE  EACH  FLOOR)  INTERRUPTS -THE  CCMTHOt- AIR -TO-OAITERS  89  A  O7  - 
aOSlNG  THE  damper  ANO  CUTTING  OFF  THE  FlOCR  PLENUM  AlR  TO  THAT  FLCOR.  THE 
FAN  SHALL  STOP  NHEN  OA«>ERS  Dg  A  O7  ARE  aOSEO  AMD  SHALL  START  WEN  AMT 
damper  is  open.  SNITCN  SW3  SHALL  BE  LOCATED  AS  FOtlWS: 

1st  aOOR  ROOM  105 

2*4  a  oca  ,  -  Rocw  2K:  .  ,  -  .  .^  r  _ 

CHIllERS  CH-I  AND  CH-?  ■  -  -  ^  T  •  . 

1.  CHILLERS  SHALL  BE  SCaEMaO  AS  THE  COOL  mS  tCAO  INCREASES  (OR  DECREASES) 

BY  SCNSCRS  IN  THE  CHILLED  SATER  RETURN  CA  AS  RECDUCICED  BT  THE  MANUFACTURES. 
:  2.  SrOumCE  SHALL  BE  MAMiAlLY  Bf  VtRSISlE..;  ^ ^  -- 

3.  FlDn  SNITCHES  IN  THE  CHILLED  SATER  LIKE  Shall  PKvDlT  OULLERS  FROM  UmiNG 
NHEN  CHIllED-lATCR  PUMP  IS  OFF. 

CHILLERS  CH-3  AMO  OI-4  ' 

.  I.  CHILLER  SHALI  be  ENERGIZED  MANUAltr  BY  A  HAND  CFF  AUTOMATIC  SRITCH  TO  BC 
-  LOCATED  IN  THE  MECHANICAL  ROOM  OF  THE  XEN  AODITIOli.  •  -  -  -  -  — 

2.  chillers  SHALL  OPERATE  SAME  AS  CHILLERS  CH-I  A  CH-2.  “  t 


_ !  xtCiPXOCATijJA  chiller  CH-liCM-J 
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:  AUTOMATIC  OPEXATIUA  A  JAFETT 


itXA  P'f'E  CA6LE-  Mtr  FzHf 

CH-C,  CH-3  (  6H-4  ) 


TML'iJe75fAf 

rKiiZe 


I — :0~ 


— - 


[‘Vxd/  (It  At 


hHH 


7t»?CUtATlU(il 

i^Uvrr 


Ca9"X  32*M0rz??iZEP 


CCOUK 


L  T«S  DRAWIC  940IIS  lOCATOC  OTTHr.  _  ' 

DUAL  DUa  UnONC  BOXES  TD  aE  ' 

REPLACED  WTH  DUAL  DUCT  VAV  BOOKS.  “ 

ORAXWC  MOTES  AND  LOCATICKS  OF  W*  FOR  *C  . 
ECB^PROCCT  A)C  tOCATED  BT  ICAVT  LME  OOUDMC. 

DHAIS  PER  DRANMC  M-ll  APR.Y  TD  ALL  EXSTBC- 
.  OUAL-OUCT  MUMC  BOX  LOCATIOMS:-^ 

I*  . 

•i;  ■  ;  *■ 
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WHETE  SANDS  MISSILE  RANGE,  NEW  MEXICO 

EQP  HVACAJCmiNG  UPGRADE-BUILDING  300 
RANGE  CONTROL  CENTER  EAST  ADDITION 

VAV-  RETROFIT 
HVAC.  SECOND  FLOOR  PLAN 
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1.  COMPONENT 

FY  1996  MILITARY  CONSTRUCTION 

2.  DATE 

3.  INSTALLATION  AN 

ARMY 

PROJECT  DATA 

3  AUG  93 

White  Sands  Mi; 

(SPACE  lEMPERAlUftC 
SDISOR) 


DUAL  DUCT  VAV  BOX  CONTROL  SCHEMATIC 

NOT  TO  SCALE 


SEQUENCE  OF  OPERATION: 


VAMABLE  AK  VOLUME  (VAV)  MOCS  WM  HOT  AM)  COLO  MLET  AIR  DAMPERS  »ALL  BE  CONIROLLED  BY  CON1RQLLERS: 

TO  PWMOe  THE  F0UXWM6  SEOUDICE  OF  OPERATKM. 

TO  PROMOC  1>C  ASSOOATO  OONSmAMIS  IMO  RaERLOCKS  AS  SHOWN. 

AU  OON1ROL  RJNCnONS  BEM6  RESOCNT  AND  EJCOnMC  M  BOm  THE  C0MMUMCATM6  MO  NON  COMMUMCATWG 
MOOES. 

fX£UBBUtI£:  UPON  BDEM  TO  OOCUPKD  MODE.  WE  OONIROliJER  SHAU.  MOOULA1C  WE  VAV  BOK  DAMPERS  (M-1 
AND  M-2)  TO  MABfTAM  THE  AR  WLOCTTV  (S'!)  AT  THE  MELOCnY  SETPOMT.  «MCH  SHALL  BE  RESET  BY  SPACE 
TEMPERATURE  SENSOR  ($-1)  TO  MAMTAM  WE  S»ACE  lEMPCRAWRE  SEIPOMT.  COHWOL  SHALL  BE  AS  FOLLOWS 


COOUN6  MODE;  ON  AN  BCREASC  M  SPACE  TEMP01A1URE  ABOVE  THE  000UN6  SETPOBH;  78  DECREES  F  (MMUSTABUX 

THE  CONTROLlfR  SHALL  MODULATE  THE  COLO  DUCT  DAMPER  ACTUATOR  (1^1)  TQWM05  OPEN  TO  MNNTAM 
THE  OOOUPCD  OOOUNO  SETPOBIT.  78  DECREES  F  (ADJUSTABLE).  ON  A  hlRT^  BIGREASE  B(  SPACE 
TEMPERATURE.  BC  CQNTROLLOt  SHALL  RESET  WE  VQjOCrTY  SETPOBIT  (S-2)  UPNARO  TO  MABITAIN  THE 
OOOJPCD  OOOUHO  SETPOBIT.  ON  A  DECREASE  Bl  SPACE  TEMPERATURE  BELOW  THE  OOOUPKO  OOOUNO 
SETPQBir.  BC  CONTROUfR  SHAa  RESET  THE  XffLOCITY  SEWONT  DOWNVMRO.  TO  HABtTAai  THE 


HEATBIG/ 
DEADBAND  MODE: 


OOCUPKD  COOLBie  SETPOBIT.  T>C  HOT  DUCT  DAMPER  ACTUATOR  < 


)  SHAa  BE  Bl  THE  OOSQ)  POamON. 


ON  A  DECREASE  Bl  SPACE  1EMPCRA1URE  BOOW  88  DECREES  F  (AOJUSTRBUEX  DC  CONIROUfR  SHAa 
MODULATE  BC  HOT  DUCT  DAMPER  ACTUATOR  (M->2>  TOWARDS  OPEN  ID  MMNTABI  BC  OCOUPCD  HEATBIG 
SETPOBIT.  88  DEGREES  F  (AOJUSTABOl  ON  A  FURTHER  DECREASE  Bl  SPACE  TEMPERATURE.  THE 
OONTROOSI  SHAa  RESET  WE  TCLOOTY  SETPOBIT  UPWARD  TO  MABITABI  THE  OOOUPCD  HEATMC  SETPOBIT. 
ON  AH  BICfCASE  Bl  SPACE  VMPERAIURE  ABOVE  THE  OCCUPCD  HEATBIO  SEFOWi;  THE  SEQUENCE  SHML 
BE  REVERSED  TO  MABITABI  THE  OOCUPKD  HEATWO  SETPOBH.  THE  COLD  DUCT  DAMPER  ACTUATOR  (M-l) 
SHAa  BE  Bl  TVC  CLOSED  POSTRON. 


mOCOUPip  MODE:  UPON  BCOBIG  R)  UNOCCUPKD  MODE.  THE  CON1ROULR  SHAa  DRI^  WE  VAV  BON  DAMPERS  <M-f 
AMO  M-2)  TO  THE  CLOSED  POSTBONS.  ON  A  OCCREASE  Bl  SPACE  TEMPERATURE  BOOW  53  OECREES  F  (AOJUSTMLE). 

THE  OONTROOCR  SHAa  DRIVE  BC  HOT  DUCT  OAMP»  ACTUATOR  (M-2)  TOWARDS  OPEN  AND  MODULATE  IK2  TO  MABITAM  THE 
UNOOCUPCD  HEATMG  TGMPERAWRE  SETPOBIT.  95  DEGREES  F  (AOJUSTABUE).  UPON  BCREASC  Bl  SPACE  TEMPERATURE 
ABOVE  87  OCGRCCS  F  (MTJUSTABLEX  THE  CONTROLLER  SHAa  hfWt  THE  COLD  DUCT  DAMPER  ACTUATOR  (M-1>  TOWARDS 
OPQI  MC  MODULATE  M-f  TO  MAMTABI  WE  UNOOCUPCD  OOOUNO  TEMPCRA3URC  SCTPCWT.  B5  DEGREES  F  (ADJUSTABLE). 


WARMUP  AM)  CQOL-jXRfI  CONTROL:  THE  CONTROlilR  SHAU  OPERATE  Bl  THE  OCCUPCD  MODE  0URBI6  WARMUP  AND  COOL¬ 
DOWN  PERICOS.  COOLING  TEMPERATURE  SETPOBIT  OURBIG  COOL-DOWN  WAa  BE  65  DCGRCES  F  (ADJUSTABLE). 
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4.  PROJECT  TITLE 

NM  EClP  HVAC/Liqhtinq  U| 
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irode  —  Bldg.  300 


DOST.  C0U>  A  HOT  /MR 
DUCTS  *  T/M<£-<JFFS 


EXST  OIM.>OUCT  MDONC  MX 
m>  rWtBiE  DUCTS.  l£A>C  DOST 
HANCEXS  AM)  HMDVMXE  M  PLACE. 


OtST.  0010  *  HOT  AM  DUCTS 
li  TAKE-OFFS 


-NEW  FLEX  CONNECTOR 


-PfiOMOC  NEW  TRANSmON  TO 
EXIST.  DUCT 


B  -  NEW-TO-EXISTING 

POMT  OF  COMCCOON 


C>P«5T/^  NEW  OUAL-OUCT  VAV 

BOX  usMo  essri:  hmomare 
10  SUSPEM)  NEW  BOX 


NOTE;  OUCTWOnC  CHANGES  WU.  BE 
REOUMED  W>  ADAPT  TO  THE  NEW 
VAV  BOX  CCNFIGURA'BGN. 


PLANNING  DOCUMENT 


WHfT£  SANDS  MISStlX  RANGC.  NCW  hOICO 

EClP  HVAC/UGHTWG  UPGRADC-OULWNG  300 
RANGE  CONTROL  CENTER 

DUAL  DUCT  VAV  BOX 
CONTROLS  AND  DETAILS 


PAcr  ^ 


D_1  z 


(SPACC/lEOUnCNT 

1HQM06TA1) 


YMVABLC  MR  VCUME  (VAV)  ICR^M.  UI«7S  WIN  DAMPERS  SHALL  BE  COHTROLLCD  BY  CONTRCULERS: 

TO  PfKMDC  THE  FOICWIG  SEQUENCE  OP  OPERAKON, 

TO  PfNMOC  IHC  ASSOOAIED  OOHSHtAKTS  AMO  BTKIBJDGKS  AS  SHOMN. 

ALL  CCHTOOL  FUNCIIONS  BBRC  RESBCNT  AND  tXlCUJm  M  BOTH  THE  COMMfffCAlMC  AND  MON  COMMWBCABWC 
MOOES. 

omtATlMQ  MOPg;  UPON  M0CNN6  TO  OPCXA1WO  MOOC,  BC  OONIROUER  SNAIL  MQOUU1C  INC  MLV  IDtMMAL  UNTT 
DAMF0t7M~1)TO  MABfrAM  T«  Am  VELOCITY  (S-2)  AT  WE  VELOOTY  SC1PQMT.  B»CM  SNAIL  BE  RESET  BY  SPACE 
1EMPERATURE  <S-1)  TO  MABITAM  WE  SPACE  TEHmUTURE  SCIPOtTL  OON1ROL  SHALL  BE  AS  FQUJOWSt 

OOOUNC  MODE:  ON  AN  BCBEASE  W  SPACE  TEMPERATURE  ABOVE  T>C  COOUNG  SE1POMT.  7B  DCJGREES  F  <ACVUSTABl£X 

THE  CONmOLLB*  WML  RESET  WE  ^LOOTY  SE1POBIT  (S-2)  OPBNRO  TO  MAMTAM  THE  OCCLTCO 
OOOUNC  SEWOBTL  ON  A  DECREASE  M  SPACE  TQAPCRATURE  BBOW  WE  OCCUPCD  OOOUNC  SCTPOWT. 
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COOlWG  SEWOMT. 


NON-OPPRATBiC  MOPE:  UPON  BCOWO  TO  NON-OPERABNC  MOOC.  THE  OONTROUER  SHAa  ORTC  THE  VAV  TIRMMAL  UNTT 
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3.  INSTALLATION  AND  LOCATION 

White  Sands  Missile  Range,  NM 

4.  PROJECT  TITLE 

EClP  HVAC/Liqhtinq  Upgrade  -  Bldg.  300 

5. 

4.  PROJECT  TITLE 

EClP  HVAC/Liqhtinq  Upqrade 


5.  PROJECT  NUMBER 


300 
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1.  COMPONENT  I  FY  1996  MILITARY  CONSTRUCTION  1  2-  DATE  3.  INSTALLATION  AND 

ARMY  PROJECT  DATA  3  AUG  93  White  Sands  Mis; 


ION  2.  DATE  3.  INSTALLATION  AND  LOCATION 

3  AUG  93  White  Sands  Missile  Range,  NM 


4.  PROJECT  TITLE 

EClP  HVAC/Liqhtinq  Upgrade  -  E 


XM-HR  0«1£D 
STORAGE  TANK 


^BUUOMG  BOUNDARY 
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5.  PROJECT  NUMBER 


NM 


4.  PROJECT  TITLE 

EClP  HVAC/Liqhtinq  Upgrade  -  Bldg.  300 


SEQUENCE  OF  OPERATION: 
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Date:  August  1993 

Project  Number: 

Project  Title:  EClP  HVAC  /  Lighting  Upgrade  -  Building  P-300 


PROGRAMMING  DOCUMENTATION 


Method  of  Analysis: 

The  existing  air  systems  are  constant  volume,  and  sized  for  the  original  design  cooling  loads  for 
the  building.  The  underfloor  supply  air  registers  and  transfer  ducts  that  currently  supply  office 
spaces  would  be  capped  off,  and  only  the  existing  dual  duct  air  systems  (DDs)  would  supply  the 
offices.  This  would  make  more  air  available  to  the  computer  and  mission  equipment  rooms, 
thereby  improving  the  capability  of  the  single  zone  units  (SZUs)  to  serve  the  equipment  areas. 
Both  the  SZUs  and  the  DDs  would  be  converted  to  VAV  units  with  variable  speed  controllers  and 
direct  digital  controls  (DDCs).  The  DD  mixing  boxes  would  be  converted  to  VAV  mixing  boxes. 
The  proposed  modification  would  reduce  fan  energy  consumption,  provide  excellent  flexibility  in 
coping  with  future  changes,  correct  the  problem  of  overcooling  the  offices,  and  improve  the  cooling 
of  equipment  areas. 

The  current  operational  practice  is  to  operate  the  200  ton  centrifugal  chiller  most  of  the  year,  and 
to  augment  the  cooling  capacity  with  one  or  both  of  the  1 00  ton  air-cooled  chillers  as  needed. 
Four  50  ton  air-cooled  chillers  are  used  for  standby,  and  operate  occasionally.  The  air-cooled 
chillers  use  more  kW/ton  for  cooling  than  the  centrifugal  chiller.  The  opportunity  exists  to  improve 
the  efficiency  of  the  existing  chiiier  plant  by  installing  more  water-cooied  equipment.  This  should 
reduce  electrical  energy  consumption  and  peak  demand.  The  improved  efficiency  would  be 
accomplished  by  the  replacement  of  one  of  the  two  1 00  ton  air-cooled  chillers  with  a  new,  1 00  ton 
water-cooled  reciprocating  or  scroll  chiller  connected  in  paraliel  to  the  existing  200  ton  chiller.  The 
existing  air-cooled  chillers  would  be  retained  for  backup.  The  three  water-cooled  chillers  would 
be  served  by  the  two  existing  cooling  towers. 

The  instailation  of  a  chilled  water  thermal  storage  system  will  shift  the  operation  of  chiilers,  cooling 
towers,  and  condensate  pumps  to  the  off  peak  period,  shifting  the  peak  period  electrical  demand 
to  the  off-peak  period  would  reduce  the  total  amount  of  peak  period  eiectricai  demand.  The  chilled 
water  thermal  storage  system  would  provide  cooling  for  the  building  during  the  peak  periods  of 
electrical  demand. 

The  replacement  of  standard  40  watt  fluorescent  lamps  and  standard  ballasts  with  34  watt  lamps 
and  reduced-wattage  ballasts  will  maintain  adequate  lighting  and  reduce  the  air  conditioning  ioad. 
This  will  reduce  electrical  demand  and  conserve  electrical  energy. 

The  TRACE  600  program  was  used  to  compare  the  energy  consumption  of  the  existing  building 
configuration  verses  the  modified  configuration.  The  baseline  TRACE  600  modei  was  modified 
to  incorporate  reduced  lighting  and  VAV  systems  with  variabie  speed  control  for  the  SZUs  and 
DDs.  The  new  water-cooled  100  ton  reciprocating  chiller  and  the  chilled  water  thermal  storage 
system  were  added  to  the  equipment  portion  of  the  TRACE  600  program. 


Date:  August  1 993 

Project  Number: 

Project  Title:  EClP  HVAC  /  Lighting  Upgrade  -  Building  P-300 

PROGRAMMING  DOCUMENTATION  (continued) 


The  hourly  average  day  per  month  weather  data  used  in  the  TRACE  600  program  was  weather 
for  El  Paso,  Texas. 


Assumptions: 

Gas  cost  =  $2.21 24/MBtu 
Electric  cost  =  $0.0221 /kWh 
Electric  demand  cost  =  $19.50/kW 

Electric  rebate  for  shifting  on-peak  loads  to  off-peak  period  =  $190.00/kW 
Average  fluorescent  lamp  life  =  20,000  hours 
Average  fluorescent  ballast  life  =  60,000  hours 
Fluorescent  lighting  system  operating  hours  =  4,368  hrs/yr 

Calculations: 

Difference  in  Building  P-300  Energy  Consumption  (figures  taken  from  TRACE  600  output  reports). 

Baseline  annual  kWh  -  Modified  Configuration  annual  kWh  =  Annual  kWh  Savings: 
(4,675,776  -  3,285,543)  =  1,390,233  kWh. 

Baseline  annual  gas  -  Modified  Configuration  annual  gas  =  Annual  kWh  Savings: 

(2,355  -  1,612)  =  743  MBtU. 

Baseline  annual  electric  demand  -  (Modified  Configuration  without  thermal  storage 

-  Thermal  storage  annual  electric  demand)  =  Annual  kWh  Savings: 

8,840  kW  -  (6,615  kW  -  1,464  kW)  =  3,689  kW. 
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Date:  August  1993 

Project  Number: 

Project  Title:  EClP  HVAC  /  Lighting  Upgrade  -  Building  P-300 

PROGRAMMING  DOCUMENTATION  (continued) 


Annual  Recurring  Maintenance 

Cost  Savings  for  the  Chiller  Plant  with  thermal  storage  (increased  use  of  cooling  towers) 

($1,000) 


Annual  Recurring  Maintenance  Cost  Savings  for  the  AH  Us  =  $0 

Annual  Recurring  Maintenance  Cost  Savings  for  the  modified  lighting  =  $6,060 

Maintenance  Cost  Savings  for  lamp  replacement  occur  within  the  first  5  years: 
20,000  hours  /  4,368  hrs/yr  =  4.6  yrs  or  approx.  5  years  (rounded) 

Maintenance  Cost  Savings  for  ballast  replacement  occur  within  the  first  15  years: 
60,000  hours  /  4,368  hrs/yr  =  13.7  yrs  or  approx.  14  years  (rounded) 

Lamp  Replacement  per  Year: 

(4,368  hrs  /  20,000  hrs)  x  2,545  lamps  =  556  lamps 

Maintenance  Cost  Savings  for  lamp  replacement: 

Material  -  556  lamps  x  $2.1 9/lamp  =  $1,217.64 

Labor  -  556  lamps  x  0.09  hrs/lamp  x  $27.6/hr  =  $1,381.10 

Ballast  Replacement  per  Year: 

(4,368  hrs  /  60,000  hrs)  x  1 ,245  ballasts  =  91  ballasts 
(4,368  hrs  /  60,000  hrs)  x  1 8  dimming  ballasts  =  1  ballasts 

Maintenance  Cost  Savings  for  ballast  replacement: 

Material  -  91  ballasts  x  $1 4.06/ballast  =  $1,279.46 

Material  -  1  dimming  ballast  x  $21 .75/dimming  ballast  =  $21 .75 

Labor  -  92  ballasts  x  0.85  hrs/ballast  x  $27.6/hr  =  $2,158.32 

Nonrecurring  Cost  Savinas 

Nonrecurring  Cost  Savings  occurring  in  year  one  =  $54,788  Utility  Rebate 
Utility  Rebate  Calculation: 

Design  Load:  East  Addition  =  39.4  tons 

West  Addition  =  52.0  tons 

Main  Bldg.  =  129.0  ton.^s 

320.4  tons 
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Date:  August  1 993 

Project  Number: 

Project  Title:  EClP  HVAC  /  Lighting  Upgrade  -  Building  P-300 

PROGRAMMING  DOCUMENTATION  (continued) 

Compressor  Load  =  0.9  kW/ton  x  320.4  tons  =  288.4  kW. 

Utility  Rebate  =  $190  x  288.4  =  $54,788 


Economic  Analysis: 


SUMMARY 


Project 

Annual 

Energy 

Savings 

(MBtu/yr) 

Total 

Annual 

Cost 

Savings 

($/yr) 

Simple 

Payback 

(yrs) 

SIR 

AIRR 

% 

EClP  HVAC/Lighting  Upgrade 
-  Building  P-300 

5,488 

104,325 

5.2 

2.6 

9.2 

The  Life  Cycle  Cost  Analysis  (LCCA)  for  the  EClP  project  is  presented  on  the  following  page.  The 
energy  savings  shown  on  the  LCCA  form  take  into  account  interactive  effects  of  all  energy 
conservation  measures. 

Individual  LCCAs  for  the  VAV  retrofit,  chiller  plant  replacement,  chilled  water  thermal  storage,  and 
modified  lighting  are  included.  Each  modification  qualifies  independently  for  the  EClP  program. 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY 
ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (EClP) 


LOCATION:  White  Sands  Missile  Range  REGION:  4 

PROJECT  TITLE:  BLDG.  300  -  MODIRED  CONRGURATION 

DISCRETE  PORTION  NAME:  TOTAL 

ANALYSIS  DATE:  08/05y93  ECONOMIC  LIFE:  20 


PROJECT  NO:  DACA  63-91  -C-01 52 
FISCAL  YEAR:  1992 


PREPARED  BY:  A.  Niemoyer 


1  INVESTMENT  COSTS 

A.  CONSTRUCTION  COST  =  $524,275 

B.  SIOHCOST  (5.5%  of  1  A)  =  $28,835 

C.  DESIGN  COST  (6.0%  of  1  A)*  $31,457 

D.  TOTAL  COST  (1A+1B  +  1C)=:  $584,567 

E.  SALVAGE  VALUE  =  $0 

F.  SALVAGE  VALUE  OF  EXISTING  EQUIP.  =  $0 

G.  TOTAL  INVESTMENT  (1D-1E-1F)=  - — — > 


2  ENERGY  SAVINGS  {+)  or  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS:  OCTOBER  1 992 


ENERGY 

COST 

SAVINGS 

ANNUALS 

DISCOUNT 

DISCOUNTED 

SOURCE 

$/MBTU  (1) 

MBTUAT^  (2) 

SAVINGS  (3) 

FACTOR  (4) 

SAVINGS  (5) 

A. 

ELEC 

$6.48 

4,745 

$30,748 

14.53 

$446,763 

B. 

DIST 

$0 

17.63 

$0 

C. 

NAT  GAS 

$2.21 

743 

$1,642 

18.59 

$30,525 

D. 

COAL 

0 

$0 

14.46 

$0 

E. 

SOLAR 

$0 

$0 

F. 

DEMAND  SAVINGS 

($19.50/W/Vx3689kW) 

$71,936 

13.59 

$977,603 

G. 

TOTAL 

5,488 

$104,325 

- > 

3  NONENERGY  SAVINGS  (+)  or  COST  (-) 

A.  ANNUAL  RECURRING 

1  DISCOUNT  FACTOR*  (From Table  A-2)  =  7.21 

2  DISCOUNTED  SAVINGS  or  COST  (3A  x  3A1)  = 

*  Weighted  Discount  Factor:  $2,600  at  5  yrs.  (4.45),  $3,460  at  1 5  yrs.  (1 1 .1 2).  and  $-1 ,000  at  20  yrs.  (13.59) 
[($2,600  X  4.45)  +  ($3,460  x  1 1 .1 2)  +  ($-1 ,000  x  1 3.59)]  /  $5,060  =  7.205 


$5,060 

$36,483 


NONRECURRING 

ITEM 

SAVINGS  or 

YEAR  OF 

DISCOUNT 

DISCOUNTED 

COST  (1)  OCCURRENCE  (2) 

FACTOR  (3) 

SVGSorCOST(4) 

a.  Utility  rebate 

$54,788 

1 

0.96 

$52,596 

b. 

$0 

0 

0.00 

$0 

c. 

$0 

0 

0.00 

$0 

d  TOTAL 

$54,788 

$52,596 

TOTAL  NONENERGY  DISCOUNTED  SAVINGS  or  COST 

(3A2  +  3Bd4)  = 

4  SIMPLE  PAYBACK  (SPB)  -  (YRS) 

5  TOTAL  NET  DISCOUNTED  SAVINGS 

6  SAVINGS-TO-INVESTMENT  RATIO  (SIR) 

7  ADJUSTED  INTERNAL  RATE  OF  RETURN  (AIRR)  -  (%) 


1G/(2G3  +  3A  +  (3Bd1/20))  = 
(2G5  +  3C) 
(5/1  G)  = 

[(1+.04)  X  SIR  to  1/20  power  - 1]  x  1 00  = 


$584,567 


$1 ,454,891 


$89,079 

5.2 

$1 ,543,970 
2.64 
9.18 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY 
ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (EClP) 


LOCATION:  White  Sands  Missile  Range  REGION:  4  PROJECT  NO:  DACA  63-91 -C-01 52 

PROJECT  TITLE:  BLDG.  300  -  MODIFIED  CONFIGURATION  W/0  VARIABLE  AIR  VOLUMEFISCAL  YEAR:  1 992 
DISCRETE  PORTION  NAME:  TOTAL 

ANALYSIS  DATE:  06/17/93  ECONOMIC  UFE:  20  PREPARED  BY:  A.  Niemeyer 


1  INVESTMENT  COSTS 


A, 

CONSTRUCTION  COST 

= 

$309,566 

B. 

SlOH  COST 

(5.5%  of  1A)  = 

$17,026 

C. 

DESIGN  COST 

(6.0%  of  = 

$18,574 

D. 

TOTAL  COST 

(1A+1B  +  1C)  = 

$345,166 

E. 

SALVAGE  VALUE 

= 

$0 

F. 

SALVAGE  VALUE  OF  EXISTING  EQUIP. 

= 

$0 

G. 

TOTAL  INVESTMENT 

(1D-1E^1F)  = 

- > 

$345,166 


2  ENERGY  SAVINGS  (+)  or  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS:  OCTOBER  1992 


ENERGY 

COST 

SAVINGS 

ANNUALS 

DISCOUNT 

DISCOUNTED 

SOURCE 

$/MBTU  (1) 

MBTU/YR  (2) 

SAVINGS  (3) 

FACTOR  (4) 

SAVINGS  (5) 

A, 

ELEC 

$6.48 

3,940 

$25,534 

14.53 

$371,010 

B. 

DIST 

$0 

17.63 

$0 

C. 

NAT  GAS 

$2.21 

761 

$1,682 

18.59 

$31,265 

D. 

COAL 

0 

$0 

14.46 

$0 

E. 

SOLAR 

$0 

$0 

F. 

DEMAND  SAVINGS 

($19.50/l<Wx889kW) 

$17,336 

13.59 

$235,589 

G. 

TOTAL 

4,701 

$44,551 

- > 

NONENERGY  SAVINGS  (+)  or  COST  (-) 

A. 

ANNUAL  RECURRING 

1  DISCOUNT  FACTOR 

(From  Table  A"2)  = 

13.59 

2  DISCOUNTED  SAVINGS  or  COST 

(3A  X  3A1)  = 

$0 

B. 

NONRECURRING 

ITEM 

SAVINGS  or 

YEAR  OF 

DISCOUNT 

DISCOUNTED 

COST  (1)  OCCURRENCE  (2) 

FACTOR  (3) 

SVGS  or  COST  (4) 

a. 

$0 

0 

0.00 

$0 

b. 

$0 

0 

0.00 

$0 

c. 

$0 

0 

0.00 

$0 

d  TOTAL 

$0 

$0 

C. 

TOTAL  NONENERGY  DISCOUNTED  SAVINGS  or  COST 

(3A2  +  3Bd4)  = 

SIMPLE  PAYBACK  (SPB)  -  (YRS) 

1G/(2G3  +  3A  +  (3Bd1/20))  = 

7.7 

TOTAL  NET  DISCOUNTTED  SAVINGS 

(2G5  +  3C)  = 

$637,864 

SAVINGS-TO-INVESTMENT  RATIO  (SIR) 

(5/1  G)  = 

1.85 

ADJUSTED  INTERNAL  RATE  OF  RETURN  (AIRR)  -  (%) 

[(1+.04)  X  SIR  to  1/20  power  •  1)  x  100  = 

7.24 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY 
ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (ECIP) 


LOCATION:  White  Sands  Missile  Range  REGION:  4  PROJECT  NO:  DACA  63-91  -0-0152 

PROJECT  TITLE:  BLDG.  300  -  MODIFIED  CONFIGURATION  W/0  CONS.  CHILLER  PU\NT  FISCAL  YEAR:  1 992 

DISCRETE  PORTION  NAME:  TOTAL 


ANALYSIS  DATE: 


06/17/93 


ECONOMIC  LIFE:  20 


PREPARED  BY:  A.  Niemeyer 


1  INVESTMENT  COSTS 

A.  CONSTRUCTION  COST 

B.  SlOH  COST 

C.  DESIGN  COST 

D.  TOTAL  COST 

E.  SALVAGE  VALUE 

F.  SALVAGE  VALUE  OF  EXISTING  EQUIP. 

G.  TOTAL  INVESTMENT 


(5.5%  of  1A) : 
(6.0%  of  1/^  = 
(1A+1B+1C): 


(ID-IE-IF): 


$72,893 

$4,009 

$4,374 

$81,276 

$0 

$0 


$81,276 


2  ENERGY  SAVINGS  (+)  or  COST  {-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS:  OCTOBER  1992 


ENERGY 

COST 

SAVINGS 

ANNUALS 

DISCOUNT 

DISCOUNTED 

SOURCE 

$/MBTU  (1) 

MBTU/YR  (2) 

SAVINGS  (?) 

FACTOR  (4) 

SAVINGS  (5) 

A. 

ELEC 

$6.48 

617 

$3,998 

14.53 

$58,087 

B. 

DIST 

$0 

17.63 

$0 

C. 

NAT  GAS 

$2.21 

0 

$0 

18.59 

$0 

D. 

COAL 

0 

$0 

14.46 

$0 

E. 

SOLAR 

$0 

$0 

F. 

DEMAND  SAVINGS 

($19.50/kWx216kW) 

$4,212 

13.59 

$57,241 

G. 

TOTAL 

617 

$8,210 

- > 

$115,328 


3  NONENERGY  SAVINGS  (+)  or  COST  (-) 

A.  ANNUAL  RECURRING 

1  DISCOUNT  FACTOR 

2  DISCOUNTED  SAVINGS  or  COST 

B.  NONRECURRING 

ITEM 


b. 

c. 

d  TOTAL 

C.  TOTAL  NONENERGY  DISCOUNTED  SAVINGS  or  COST 


(From  Table  A-2) : 
(3Ax3A1) : 


SAVINGS  or  YEAR  OF 

COST  (1)  OCCURRENCE  (2) 
$0  0 

$0  0 

$0  0 

$0 


($1,000) 

13.59 

($13,590) 

DISCOUNT  DISCOUNTED 

FACTOR  (3)  SVGSorCOST(4) 
0.00  $0 

0.00  $0 

0.00  $0 

$0 

(3A2  +  3Bd4)  = 


($13,590) 


4  SIMPLE  PAYBACK  (SPB)  -  (YRS) 

5  TOTAL  NET  DISCOUNTED  SAVINGS 

6  SAVINGS-TO-INVESTMENT  RATIO  (SIR) 

7  ADJUSTED  INTERNAL  RATE  OF  RETURN  (AIRR)  -  (%) 


1G/(2G3  +  3A  +  (3Bdiy20))  = 
(2G5  +  3C)  = 
(5/1  G)  = 

[(1+.04)  X  SIR  to  1/20  power  - 1]  x  1 00  = 


11.3 

$101,738 

1.25 

5.17 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY 
ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (EClP) 


LOCATION:  White  Sands  Missile  Range  REGION:  4 

PROJECT  TITLE:  BLDG.  300  -  MODIFIED  CONFIGURATION  W/0  THERMAL  STORAGE 

DISCRETE  PORTION  NAME:  TOTAL 

ANALYSIS  DATE:  06/17/93  ECONOMIC  LIFE:  20 


PROJECT  NO:  DACA  63-91  -C-01 52 
FISCAL  YEAR:  1992 


PREPARED  BY:  A.  Niemeyer 


1  INVESTMENT  COSTS 


A. 

CONSTRUCTION  COST 

= 

$82,500 

B. 

SlOH  COST 

(5.5%  of  1A)  = 

$4,538 

C. 

DESIGN  COST 

(6.0%  of  1A)  = 

$4,950 

D. 

TOTAL  COST 

(1A+1B  +  1C)  = 

$91 ,988 

E. 

SALVAGE  VALUE 

= 

$0 

F. 

SALVAGE  VALUE  OF  EXISTING  EQUIP. 

= 

$0 

G. 

TOTAL  INVESTMENT 

It 

m 

a 

- > 

2  ENERGY  SAVINGS  (+)  or  COST  (-) 

DATE  OF  NISTIR  8S3273-X  USED  FOR  DISCOUNT  FACTORS:  13  NOVEMBER  1 992 


ENERGY 

COST 

SAVINGS 

ANNUALS 

DISCOUNT 

DISCOUNTED 

SOURCE 

$/MBTU  (1) 

MBTU/YR  (2) 

SAVINGS  (3) 

FACTOR  (4) 

SAVINGS  p) 

A. 

ELEC 

$6.48 

(21) 

($136) 

14.53 

($1 ,977) 

B. 

DIST 

$0 

17.63 

$0 

C. 

NAT  GAS 

$2.21 

0 

$0 

18.59 

$0 

D. 

COAL 

0 

$0 

14.46 

$0 

E. 

SOLAR 

$0 

$0 

F. 

DEMAND  SAVINGS 

($19.50/W/Vx1283kW) 

$25,019 

13.59 

$340,001 

G, 

TOTAL 

(21) 

$24,882 

- > 

$338,024 


3  NONENERGY  SAVINGS  (+)  or  COST  (-) 

A. 

ANNUAL  RECURRING 

1  DISCOUNT  FACTOR 

(From  Table  A-2)  = 

13.59 

2  DISCOUNTED  SAVINGS  or  COST 

(3Ax3A1)  = 

$0 

B. 

NONRECURRING 

ITEM 

SAVINGS  or 

YEAR  OF 

DISCOUNT 

DISCOUNTED 

COST  (1) 

OCCURRENCE  (2) 

FACTOR  (3) 

SVGS  or  COST  (4) 

a.  Utility  rebate 

$54,788 

1 

0.96 

$52,596 

b. 

$0 

0 

0.00 

$0 

c. 

$0 

0 

0.00 

$0 

d  TOTAL 

$54,788 

$52,596 

C. 

TOTAL  NONENERGY  DISCOUNTED  SAVINGS  or  COST 

(3A2  +  3Bd4)  = 

4  SIMPLE  PAYBACK  (SPB)  -  (YRS) 

5  TOTAL  NET  DISCOUNTED  SAVINGS 

6  SAVINGS-TO-INVESTMENT  RATIO  (SIR) 

7  ADJUSTED  INTERNAL  RATE  OF  RETURN  (AIRR)  -  (%) 


1G/(2G3  +  3A  +  (3Bd1/20))  = 
(2G5  +  3C)  = 
(5/1 G)  = 

[(U.04)xSIR  to  1/20  power  -  1Jx100  = 


3.3 

$390,621 

4.25 

11.80 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY 
ENERGY  CONSERVATION  INVESTMENT  PROGRAM  (EClP) 


LOCATION:  White  Sands  Missile  Range  REGION:  4  PROJECT  NO:  DACA  63-91  -C-01 52 

PROJECT  TITLE:  BLDG.  300  -  MODIFIED  CONFIGURATION  W/0  EFFICIENT  LIGHTING  FISCAL  YEAR:  1 992 

DISCRETE  PORTION  NAME:  TOTAL 

ANALYSIS  DATE:  05/27/93  ECONOMIC  LIFE:  1 5  PREPARED  BY:  A.  Niemeyer 


1  INVESTMENT  COSTS 


A. 

CONSTRUCTION  COST 

= 

$59,316 

B. 

SlOH  COST 

(5.5%  of  1A)  = 

$3,262 

C. 

DESIGN  COST 

(6.0%  of  1A)  = 

$3,559 

D. 

TOTAL  COST 

(1A+1B  +  1C)  = 

$66,137 

E. 

SALVAGE  VALUE 

= 

$0 

F. 

SALVAGE  VALUE  OF  EXISTING  EQUIP. 

= 

$0 

G. 

TOTAL  INVESTMENT 

(1D-1E-1F)  = 

- > 

2  ENERGY  SAVINGS  (+)  or  COST  (-) 

DATE  OF  NISTIR  85-3273-X  USED  FOR  DISCOUNT  FACTORS:  1 3  NOVEMBER  1 992 


ENERGY 

COST 

SAVINGS 

ANNUALS 

DISCOUNT 

DISCOUNTED 

SOURCE 

$/MBTU  (1) 

MBTU/YR  (2) 

SAVINGS  (3) 

FACTOR  (4) 

SAVINGS  (5) 

A. 

ELEC 

$6.48 

77 

$499 

11.70 

$5,837 

B. 

DIST 

$0 

13.78 

$0 

C, 

NAT  GAS 

$2.21 

(28) 

($61) 

14.16 

($861) 

D. 

COAL 

0 

$0 

11.57 

$0 

E. 

SOLAR 

$0 

$0 

F. 

DEMAND  SAVINGS 

($19.5/kWx  290  kW) 

$5,655 

11.12 

$62,884 

G. 

TOTAL 

49 

$6,093 

- > 

3  NONENERGY  SAVINGS  (+)  or  COST  (-) 

A.  ANNUAL  RECURRING  (Maintenance  Cost  Savings)  $6,060 


1  DISCOUNT  FACTOR* 

(From  Table  A-2)  = 

8.26 

2  DISCOUNTED  SAVINGS  or  COST 

(3Ax3Al)  = 

$50,056 

*  Weighted  Discount  Factor:  Lamps  -  $2,600  at  5  yrs.  (4.45)  and  Ballasts  -  $3,460  at  15  yrs,  (11.12) 

I($2,600  X  4.45)  +  ($3,460  X  1 1 .12)]  /  $6,060  =  8.258 

NONRECURRING 

ITEM 

SAVINGS  or  YEAR  OF 

DISCOUNT 

DISCOUNTED 

COST  (1)  OCCURRENCE  (2) 

FACTOR  (3) 

SVGSorCOST(4) 

a. 

o 

o 

0.00 

$0 

b. 

$0  0 

0.00 

$0 

c. 

$0  0 

0.00 

$0 

d  TOTAL 

$0 

$0 

TOTAL  NONENERGY  DISCOUNTED  SAVINGS  or  COST 

(3A2  +  3Bd4)  = 

$50,056 


4  SIMPLE  PAYBACK  (SPB)  -  (YRS) 

5  TOTAL  NET  DISCOUNTED  SAVINGS 

6  SAVINGS-TO-INVESTMENT  RATIO  (SIR) 

7  ADJUSTED  INTERNAL  RATE  OF  RETURN  (AIRR)  -  (%) 


1G/(2G3  +  3A  +  (3Bd1/20))  = 
(2G5  +  30)  = 
(5/1  G)  = 

[(1 +.04)  X  SIR  to  1/20  power  - 1  ]  x  1 00  = 


5.4 

$117,915 

1.78 

8.09 
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DA  FORM  641S-R. 
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DA  FORM  541 8<R. 
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Trane  Air  Conditioning  Economics 

By:  Trane  Customer  Direct  Service  Network 


V  60 
PAGE  1 


MONTHLY  ENERGY  CONSUMPTION  -  ALTERNATIVE 


1  (Q>J^SE.L)ioE  ~  BLb(si  PSOo) 


MOMTHLY  EMERGY  CONSUMPTION 


ELEC 

DEMAND 

GAS 

GAS  DHNO 

On  Peak 

On  Peak 

On  Peak 

WATER 

On  Peak 

Month 

(kUh) 

(kU) 

(Therm) 

(1000  Gt) 

(Thrm/hr) 

Jan 

370,311 

664 

6,458 

145 

14 

Feb 

335,056 

663 

5,227 

135 

14 

March 

378,559 

692 

2,512 

182 

8 

April 

374,522 

726 

585 

227 

3 

May 

406,945 

754 

9 

326 

0 

June 

414,722 

831 

0 

382 

0 

July 

433,778 

837 

0 

408 

0 

Aug 

434,746 

829 

0 

398 

0 

Sept 

398,870 

757 

0 

321 

0 

Oct,., 

- 

394,963 

729 

782 

248 

4 

Nov 

362,831 

690 

2,815 

175 

9 

Dec 

370,472 

668 

5,163 

156 

11 

.Total 

4,675,776 

837 

23,551 

3,104 

14 

Building  Energy  Confiunption  *  301,008  (Btu/Sq  Ft/Year)  Floor  Area  «  60,840  (Sq  Ft) 

Source  Energy  Consinption  «  302,206  (8tu/Sq  Ft/Year) 
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Trane  Air  Conditioning  Economics 

By:  Trane  Customer  Direct  Service  Network 
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MONTHLY  ENERGY  CONSUMPTION  -  ALTERNATIVE  1  /^  -  ^  ‘  \  . 

- MONTHLY  ENERGY  CONSUMPTION 


ELEC 

DEMAND 

GAS 

GAS  DMND 

On  Peak 

On  Peak 

On  Peak 

WATER 

On  Peak 

Month 

(kWh) 

(kW) 

(Therm) 

(1000  Gl) 

(Thrm/hr) 

Jan 

238,157 

509 

4,478 

47 

12 

Feb 

217,613 

510 

3,581 

48 

11 

March 

255,204 

519 

1,645 

91 

6 

April 

257,655 

537 

482 

130 

3 

May 

296,298 

563 

95 

200 

2 

June 

303,713 

569 

0 

245 

0 

July 

329,134 

636 

0 

293 

0 

Aug 

332,264 

622 

0 

289 

0 

Sept 

295,108 

579 

33 

224 

1 

Oct 

274,872 

544 

552 

145 

2 

Nov 

243,285 

517 

1,814 

85 

6 

Dec 

242,240 

510 

3,442 

60 

8 

Total 

3,285,543 

636 

16,123 

1,857 

12 

Building  Energy  Consumption  =  210,812  (Btu/Sq  Ft/Year)  Floor  Area  =  60,840  (Sq  Ft) 

Source  Energy  Consumption  =  211,632  (Btu/Sq  Ft/Year) 

I 

:z.  /i‘-  ['  vU  -  ^ 
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Trane  Air  Conditioning  Economics 

By:  Trane  Customer  Direct  Service  Network 
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MONTHLY  ENERGY  CONSUMPTION  -  ALTERNATIVE  1 
HC»  CONFIG  -  BLDG  300  WITHOUT  THERM  STOR  ^ 

. MONTHLY  ENERGY  CONSUMPTION 


ELEC 

DEMAND 

GAS 

GAS  DMND 

On  Peak 

On  Peak 

On  Peak 

WATER 

On  Peak 

Month 

(kWh) 

(kW) 

(Therm) 

(1000  Gl) 

(Thrm/hr) 

Jan 

237,896 

514 

4,478 

47 

12 

Feb 

217,350 

518 

3,581 

48 

11 

March 

254,879 

553 

1,645 

90 

6 

April 

257,323 

611 

482 

129 

3 

May 

295,498 

644 

95 

197 

2 

June 

302,610 

666 

0 

242 

‘  ^  0 

July 

329,801 

677 

0 

293 

0 

Aug 

332,016 

675 

0 

289 

0 

Sept 

293,672 

648 

33 

221 

1 

Oct 

273,498 

619 

552 

143 

2 

Nov 

242,964 

550 

1,814 

84 

6 

Dec 

241,890 

520 

3,442 

60 

8 

Total 

3,279,396 

677 

16,123 

1,843 

12 

Building  Energy  Consumption  =  210,467  (Btu/Sq  Ft/Year)  Floor  Area  =  60,840  <Sq  Ft) 

Source  Energy  Consumption  =  211,287  (Btu/Sq  Ft/Year) 

I 


AtC-QO 

T'H'^ 0  o/»/  e=F>peci5  COA-6«k<-r 

f^L/wr 
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Trane  Air  Conditioning  Economics 

By;  Trane  Customer  Direct  Service  Network 
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MONTHLY  ENERGY  CONSUMPTION  -  ALTERNATIVE  2 
MOO  CONFIG  -  BLDG  300  WITHOUT  VAV 

. . . MONTHLY  ENERGY  CONSUMPTION 


ELEC 

DEMAND 

GAS 

GAS  OMND 

On  Peak 

On  Peak 

On  Peak 

WATER 

On  Peak 

Month 

(kWh) 

(kU) 

(Therm) 

(1000  Gl) 

(Thnn/hr) 

Jan 

351,780 

626 

6,514 

137 

14 

Feb 

318,420 

626 

5,274 

127 

14 

March 

360,536 

643 

2,530 

174 

8 

April 

355,974 

679 

586 

220 

3 

May 

387,033 

696 

9 

317 

0 

June 

391,920 

717 

0 

377 

0 

July 

409,254 

726 

0 

412 

0 

Aug 

410,673 

720 

0 

399 

0 

Sept 

376,847 

698 

0 

314 

0 

Oct 

373,457 

680 

782 

241 

4 

Nov 

345,639 

645 

2,834 

167 

9 

Dec 

352,402 

628 

5,204 

147 

11 

Total 

4,433,935 

726 

23,732 

3,032 

14 

Building  Energy  Consumption  =  287,740  (Btu/Sq  Ft/Year)  Floor  Area  =  60,840  (Sq  Ft) 

Source  Energy  Consumption  =  288,947  (Btu/Sq  Ft/Year) 

z 
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Trane  Air  Conditioning  Economics 

By:  Trane  Customer  Direct  Service  Network 
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MONTHLY  ENERGY  CONSUMPTION  • 

MOD  CONFIG  -  BLDG  300  MINUS 

•  ALTERNATIVE 

NEW  CHIL  PLT 

3 

N  T  H  L 

GAS 

On  Peak 

Y  E  N  E  R 

WATER 

GY  CO 

GAS  DMND 

On  Peak 

ELEC 

On  Peak 

.........  ^  y 

DEMAND 

On  Peak 

Month 

(kWh) 

(kU) 

(Therm) 

(1000  Gl) 

(Thrm/hr) 

Jan 

243,097 

532 

4,478 

51 

12 

Feb 

224,201 

535 

3,581 

53 

11 

March 

266,268 

569 

1,645 

97 

6 

April 

274,584 

625 

482 

134 

3 

May 

315,753 

663 

95 

201 

2 

June 

323,682 

688 

0 

245 

0 

July 

347,964 

697 

0 

295 

0 

Aug 

351,172 

695 

0 

292 

0 

Sept 

315,554 

671 

33 

224 

1 

Oct 

293,754 

633 

552 

149 

2 

Nov 

253,297 

566 

1,814 

91 

6 

Dec 

250,829 

537 

3,442 

66 

8 

Total 

3,460,157 

697 

16,123 

1,896 

12 

Building  Energy  Consumption  =  220,607  (Btu/Sq  Ft/Year)  Floor  Area  =  60,840  (Sq  Ft) 

Source  Energy  Consumption  =  221,427  (Btu/Sq  FtAear) 
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Trane  Air  Conditioning  Economics 

By:  Trane  Customer  Direct  Service  Network 
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MONTHLY  ENERGY  CONSUMPTION  -  ALTERNATIVE  4 


MOO  CONFIG  - 

BLDG  300  MINUS 

NEW  LIGHTING 

ELEC 

DEMAND 

N  T  H  L  Y 

GAS 

E  N  E  R 

G  Y 

GAS 

DMND 

On  Peak 

On  Peak 

On  Peak 

WATER 

On 

Peak 

Month 

(kWh) 

(kW) 

(Therm)  (1000  GO 

(Thrm/hr) 

Jan 

239,240 

535 

4,413 

48 

12 

Feb 

218,464 

540 

3,512 

48 

11 

March 

257,005 

582 

1,615 

92 

6 

Apri  1 

258,996 

638 

471 

132 

3 

Hay 

298,098 

668 

96 

201 

2 

June 

304,984 

690 

0 

247 

0 

July 

331,335 

701 

0 

298 

0 

Aug 

333,978 

699 

0 

295 

0 

Sept 

295,765 

672 

34 

226 

1 

Oct 

276,112 

635 

544 

147 

2 

Nov 

244,796 

578 

1,785 

86 

6 

Dec 

243,175 

547 

3,379 

60 

8 

Total 

3,301,951 

701 

15,848 

1,879 

12 

Building  Energy  Consumption 

=  211, 28C 

1  (8tu/Sq  Ft/Year) 

Floor  Area  =  60,840  (Sq  Ft) 

Source  Energy  Consumption 

=  212,085 

i  (Btu/Sq  Ft/Year) 

: 
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APPENDIX  C 


ECO  COST  ESTIMATES 


Source:  Means  Electric  &  Mechanical  Cost  Data.  1993:  Denver  Electric  Motor  Sales  &  Service;  Material  costs  include  25%  overhead  &  profit:  Labor  Source:  U.S.  Dept,  of  Labor,  General  Wage  Decision  No,  NM91-1 


Source:  Means  Electric  &  Mechanical  Cost  Data,  1993;  Denver  Electric  Motor  Sales  &  Service;  Material  costs  include  25%  overhead  &  profit;  Labor  Source:  U.S.  Dept,  of  Labor,  General  Wage  Decision  No.  NM91- 


Source:  EPFU  Thermal  Storage  Applications  Research  Center,  Material  &  Labor  Costs  Include  25%  Overhead  &  Profit 


_ TOTAL  THIS  SHEET _ _ _ _ _ _ _ | _ | _ I  $59,315.88 

Material  Source;  Lightbulb  Supply  Co.,  Denver,  CO;  Prices  Include  25%  Overhead  &  Profit;  Labor  Source:  U.S.  Dept,  of  Labor,  General  Wage  Decision  No.  NM91-1 


APPENDIX  D 


LIGHTING  CALCULATIONS 


BLDG  P300  LIGHTING  CALCULATIONS 


ZONE  #1 

INSTALLED  FIXTURES  (IF): 

51  X  96  Watts  =  4896  Watts 

25  X  71  Watts  =  1775  Watts 

Total  Watts  =  6671  Watts 

1 .5  Watts/SF  is  assummed  for  existing  lighting 
3595  SF  is  the  zone  floor  area 
76  Total  #  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

5393  Watts  (observed)  / 

6671  Watts  (installed  fixtures) 

=  0.81 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

41  Effective  #  of  existing  standard  fixtures 
20  Effective  #  of  low-wattage  fixtures 
=  61  Total  Fixtures 


COST  ESTIMATE: 

82  Replacement  Lamps 
40  Replacement  Ballasts 

ZONE  #2 

INSTALLED  FIXTURES  (IF): 

25  X  96  Watts  =  2400  Watts 

13  X  71  Watts  =  923  Watts 

Total  Watts  =  3323  Watts 


1 .7  Watts/SF  is  assummed  for  existing  lighting 
1 595  SF  is  the  zone  floor  area 
38  Total  #  of  Fixtures 


TRACE  600  INPUT  FOR  LIGHTING  ECO: 
1.21  Watts/SF 


EFFECTIVE  LAMP  FACTOR  (ELF): 

2712  Watts  (observed)  / 

3323  Watts  (installed  fixtures) 

=  0.82 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

20  Effective  #  of  existing  standard  fixtures 
1 1  Effective  #  of  low-wattage  fixtures 
=  31  Total  Fixtures 


COST  ESTIMATE: 

41  Replacement  Lamps 
20  Replacement  Ballasts 

ZONE  #3 

INSTALLED  FIXTURES  (IF): 

55  X  96  Watts  =  5280  Watts 

28  X  71  Watts  =  1 988  Watts 

Total  Watts  =  7268  Watts 


0.6  Watts/SF  is  assummed  for  existing  lighting 
2640  SF  is  the  zone  floor  area 
83  Total  #  of  Fixtures 


TRACE  600  INPUT  FOR  LIGHTING  EGO: 
1.38  Watts/SF 


EFFECTIVE  LAMP  FACTOR  (ELF): 

1584  Watts  (observed)  / 

7268  Watts  (installed  fixtures) 

=  0.22 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

1 2  Effective  #  of  existing  standard  fixtures 
6  Effective  #  of  low-wattage  fixtures 
=  18  Total  Fixtures 


COST  ESTIMATE:  TRACE  600  INPUT  FOR  LIGHTING  ECO: 

24  Replacement  Lamps  0.49  Watts/SF 

12  Replacement  Ballasts _ 
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BLDG  P300  LIGHTING  CALCULATIONS 


ZONE  #4 

INSTALLED  FIXTURES  (IF): 

25  X  96  Watts  =  2400  Watts 

12  X  71  Watts  =  852  Watts 

Total  Watts  :  3252  Watts 

1 .7  Watts/SF  is  assummed  for  existing  lighting 

1 595  SF  is  the  zone  floor  area 

37  Total  #  of  Fixtures 

COST  ESTIMATE: 

42  Replacement  Lamps 

21  Replacement  Ballasts 

EFFECTIVE  LAMP  FACTOR  (ELF): 

2712  Watts  (observed)  / 

3252  Watts  (installed  fixtures) 

=  0.83 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

21  Effective  #  of  existing  standard  fixtures 

1 0  Effective  #  of  low-wattage  fixtures 
=  31  Total  Fixtures 

TRACE  600  INPUT  FOR  LIGHTING  ECO: 

1.37  Watts/SF 

ZONE  #5 

INSTALLED  FIXTURES  (IF): 

EFFECTIVE  LAMP  FACTOR  (ELF): 

49  X  96  Watts  =  4704  Watts 

5280  Watts  (observed)  / 

25  X  71  Watts  =  1 775  Watts 

6479  Watts  (installed  fixtures) 

Total  Watts  =  6479  Watts 

=  0.81 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

2.0  Watts/SF  is  assummed  for  existing  lighting 

40  Effective  #  of  existing  standard  fixtures 

2640  SF  is  the  zone  floor  area 

20  Effective  #  of  low-wattage  fixtures 

74  Total  #  of  Fixtures 

=  60  Total  Fixtures 

COST  ESTIMATE: 

TRACE  600  INPUT  FOR  LIGHTING  ECO: 

80  Replacement  Lamps 

1.62  Watts/SF 

40  Replacement  Ballasts 

ZONE  #6 

INSTALLED  FIXTURES  (IF): 

EFFECTIVE  LAMP  FACTOR  (ELF): 

64  X  96  Watts  =  61 44  Watts 

6560  Watts  (observed)  / 

32  X  71  Watts  =  2272  Watts 

841 6  Watts  (Installed  fixtures) 

T otal  Watts :  8416  Watts 

=  0.78 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

2.0  Watts/SF  is  assummed  for  existing  lighting 

50  Effective  #  of  existing  standard  fixtures 

3280  SF  is  the  zone  floor  area 

25  Effective  #  of  low- wattage  fixtures 

96  Total  #  of  Fixtures 

=  75  Total  Fixtures 

COST  ESTIMATE: 

TRACE  600  INPUT  FOR  LIGHTING  ECO: 

1 00  Replacement  Lamps 

1.62  Watts/SF 

50  Replacement  Ballasts 
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BLDG  P300  LIGHTING  CALCULATIONS 


ZONE  #8 

INSTALLED  FIXTURES  (IF): 

30  X  96  Watts  =  2880  Watts 

15X71  Watts  =  1 065  Watts 

Total  Watts:  3945  Watts 


1 .9  Watts/SF  is  assummed  for  existing  lighting 
1 595  SF  is  the  zone  floor  area 
45  Total  #  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

3031  Watts  (observed)  / 

3945  Watts  (installed  fixtures) 

=  0.77 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

23  Effective  #  of  existing  standard  fixtures 
12  Effective  #  of  low-wattage  fixtures 
=  35  Total  Fixtures 


COST  ESTIMATE: 

46  Replacement  Lamps 
23  Replacement  Ballasts 

ZONE  #9 

INSTALLED  FIXTURES  (IF): 

56  X  96  Watts  =  5376  Watts 

28  X  71  Watts  =  1 988  Watts 

Total  Watts  :  7364  Watts 


TRACE  600  INPUT  FOR  LIGHTING  ECO: 
1.54  Watts/SF 


EFFECTIVE  LAMP  FACTOR  (ELF): 

5280  Watts  (observed)  / 

7364  Watts  (installed  fixtures) 

=  0.72 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 


2.0  Watts/SF  is  assummed  for  existing  lighting 
2640  SF  is  the  zone  floor  area 
84  Total  #  of  Fixtures 


40  Effective  #  of  existing  standard  fixtures 
20  Effective  #  of  low-wattage  fixtures 
=  60  Total  Fixtures 


COST  ESTIMATE: 

80  Replacement  Lamps 
_ 40  Replacement  Ballasts 


TRACE  600  INPUT  FOR  LIGHTING  ECO: 
1.62  Watts/SF 


ZONE  #10 


INSTALLED  FIXTURES  (IF): 

25  X  96  Watts  =  2400  Watts 

12  X  71  Watts  =  852  Watts 

Total  Watts  =  3252  Watts 

1 .7  Watts/SF  is  assummed  for  existing  lighting 
1 595  SF  is  the  zone  floor  area 
37  Total#  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

2712  Watts  (observed)  / 

3252  Watts  (installed  fixtures) 

=  0.83 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

21  Effective  #  of  existing  standard  fixtures 
1 0  Effective  #  of  low-wattage  fixtures 
=  31  Total  Fixtures 


COST  ESTIMATE:  TRACE  600  INPUT  FOR  LIGHTING  ECO: 

42  Replacement  Lamps  1 .37  Watts/SF 

21  Replacement  Ballasts _ 
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BLDG  P300  LIGHTING  CALCULATIONS 


ZONE  #11 


INSTALLED  FIXTURES  (IF): 

51  X  96  Watts  =  4896  Watts 

25  X  71  Watts  =  1 775  Watts 

Total  Watts  =  6671  Watts 

1 .5  Watts/SF  is  assununed  for  existing  lighting 
2640  SF  is  the  2one  floor  area 
76  Total  #  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

3960  Watts  (observed)  / 

6671  Watts  (installed  fixtures) 

=  0.59 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

30  Effective  #  of  existing  standard  fixtures 
1 5  Effective  #  of  low-wattage  fixtures 
=  45  Total  Fixtures 


COST  ESTIMATE: 

60  Replacement  Lamps 
30  Replacement  Ballasts 


TRACE  600  INPUT  FOR  LIGHTING  ECO: 
1.21  Watts/SF 


ZONE  #12 


INSTALLED  FIXTURES  (IF): 

55  X  96  Watts  =  5280  Watts 

27  X  71  Watts  =  1917  Watts 

Total  Watts:  7197  Watts 

2.0  Watts/SF  is  assununed  for  existing  lighting 
2202  SF  is  the  zone  floor  area 
82  Total#  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

4404  Watts  (observed)  / 

7197  Watts  (installed  fixtures) 

=  0.61 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

34  Effective  #  of  existing  standard  fixtures 
1 7  Effective  #  of  low-wattage  fixtures 
=  50  Total  Fixtures 


COST  ESTIMATE: 

68  Replacement  Lamps 
34  Replacement  Ballasts 


TRACE  600  INPUT  FOR  LIGHTING  ECO: 
1.62  Watts/SF 


ZONE  #13 


INSTALLED  FIXTURES  (IF): 

57  X  96  Watts  =  5472  Watts 

29  X  71  Watts  =  2059  Watts 

Total  Watts  :  7531  Watts 

2.0  Watts/SF  is  assununed  for  existing  lighting 
3780  SF  is  the  zone  floor  area 
86  Total  #  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

7560  Watts  (observed)  / 

7531  Watts  (installed  fixtures) 

=  1.00 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

57  Effective  #  of  existing  standard  fixtures 
29  Effective  #  of  low-wattage  fixtures 
=  86  Total  Fixtures 


COST  ESTIMATE:  TRACE  600  INPUT  FOR  LIGHTING  ECO: 

1 14  Replacement  Lamps  1 .62  Watts/SF 

57  Replacement  Ballasts _ 
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BLDG  P300  LIGHTING  CALCULATIONS 


ZONE  #14 


INSTALLED  FIXTURES  (IF): 

54  X  96  Watts  =  51 84  Watts 

27  X  71  Watts  =  1917  Watts 

Total  Watts:  7101  Watts 

2.0  Watts/SF  is  assununed  for  existing  lighting 
3688  SF  is  the  zone  floor  area 
81  Total#  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

7376  Watts  (observed)  / 

7101  Watts  (installed  fixtures) 

=  1.04 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

56  Effective  #  of  existing  standard  fixtures 
28  Effective  #  of  low-wattage  fixtures 
=  84  Total  Fixtures 


COST  ESTIMATE: 

108  Replacement  Lamps 
54  Replacement  Ballasts 


TRACE  600  INPUT  FOR  LIGHTING  ECO: 
1.62  Watts/SF 


ZONE  #15 


INSTALLED  FIXTURES  (IF): 

84  X  96  Watts  =  8064  Watts 

42  X  71  Watts  =  2982  Watts 

T otal  Watts  =  1 1 046  Watts 


EFFECTIVE  LAMP  FACTOR  (ELF): 

7769  Watts  (observed)  / 

1 1 046  Watts  (installed  fixtures) 

=  0.70 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 


1 .9  Watts/SF  is  assununed  for  existing  lighting 
4089  SF  is  the  zone  floor  area 
1 26  Total  #  of  Fixtures 


59  Effective  #  of  existing  standard  fixtures 
30  Effective  #  of  low-wattage  fixtures 
=  89  Total  Fixtures 


COST  ESTIMATE: 

118  Replacement  Lamps 
74  Replacement  Ballasts 


TRACE  600  INPUT  FOR  LIGHTING  ECO: 
1.54  Watts/SF 


(18  Dimming  Ballasts) 

ZONE  #16 


INSTALLED  FIXTURES  (IF): 

94  X  96  Watts  =  9024  Watts 

46  X  71  Watts  =  3266  Watts 

Total  Watts:  12290  Watts 

2.0  Watts/SF  is  assununed  for  existing  lighting 
6002  SF  is  the  zone  floor  area 
1 40  Total  #  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

12004  Watts  (observed)  / 

12290  Watts  (installed  fixtures) 

=  0.98 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

92  Effective  #  of  existing  standard  fixtures 
45  Effective  #  of  low-wattage  fixtures 
=  1 37  Total  Fixtures 


COST  ESTIMATE:  TRACE  600  INPUT  FOR  LIGHTING  ECO: 

1 84  Replacement  Lamps  1 .62  Watts/SF 

92  Replacement  Ballasts _ 
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BLDG  P300  LIGHTING  CALCULATIONS 


ZONE  #17 


INSTALLED  FIXTURES  (IF): 

55  X  96  Watts  =  5280  Watts 

28  X  71  Watts  =  1 988  Watts 

Total  Watts  =  7268  Watts 

2.0  Watts/SF  is  assummed  for  existing  lighting 
3431  SF  is  the  zone  floor  area 
83  Total  #  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

6862  Watts  (observed)  / 

7268  Watts  (installed  fixtures) 

=  0.94 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

52  Effective  #  of  existing  standard  fixtures 
26  Effective  #  of  low-wattage  fixtures 
=  78  Total  Fixtures 


COST  ESTIMATE: 

104  Replacement  Lamps 
52  Replacement  Ballasts 


TRACE  600  INPUT  FOR  LIGHTING  ECO: 
1.62  Watts/SF 


ZONE  #18 


INSTALLED  FIXTURES  (IF): 

1 16  X  96  Watts  =  11 136  Watts 

58  X  71  Watts  =  41 18  Watts 

Total  Watts  =  1 5254  Watts 

1 .5  Watts/SF  is  assummed  for  existing  lighting 
5762  SF  is  the  zone  floor  area 
1 74  Total  #  of  Fixtures 


EFFECTIVE  LAMP  FACTOR  (ELF): 

8643  Watts  (observed)  / 

15254  Watts  (installed  fixtures) 

=  0.57 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

66  Effective  #  of  existing  standard  fixtures 
33  Effective  #  of  low-wattage  fixtures 
=  99  Total  Fixtures 


COST  ESTIMATE: 

132  Replacement  Lamps 
66  Replacement  Ballasts 


TRACE  600  INPUT  FOR  LIGHTING  ECO: 
1.21  Watts/SF 


ZONE  #19 


INSTALLED  FIXTURES  (IF): 

28  X  96  Watts  =  2688  Watts 

14  X  71  Watts  =  994  Watts 

Total  Watts  =  3682  Watts 

1 .9  Watts/SF  is  assummed  for  existing  lighting 
2077  SF  is  the  zone  floor  area 
42  Total  #  of  Fixtures 

COST  ESTIMATE: 

56  Replacement  Lamps 
28  Replacement  Ballasts _ 


EFFECTIVE  LAMP  FACTOR  (ELF): 

3946  Watts  (observed)  / 

3682  Watts  (installed  fixtures) 

=  1.07 

INSTALLED  FIXT.  X  EFFECT.  LAMP  FACTOR 

30  Effective  #  of  existing  standard  fixtures 
1 5  Effective  #  of  low-wattage  fixtures 
=  45  Total  Fixtures 

TRACE  600  INPUT  FOR  LIGHTING  ECO: 

1.54  Watts/SF 
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BLDG  P300  LIGHTING  CALCULATIONS 


ZONE  #20 


INSTALLED  FIXTURES  (IF): 

92  X  96  Watts  =  8832  Watts 

46  X  71  Watts  =  3266  Watts 

T  otal  Watts :  1 2098  Watts 

2.0  Watts/SF  is  assuinmed  for  existing  lighting 
5681  SF  is  the  zone  floor  area 
1 38  Total  #  of  Fixtures 

COST  ESTIMATE: 

172  Replacement  Lamps 
86  Replacement  Ballasts 


EFFECTIVE  LAMP  FACTOR  (ELF): 

11362  Watts  (observed)  / 

12098  Watts  (installed  fixtures) 

=  0.94 

INSTALLED  FIXT.  X  EFFECT  LAMP  FACTOR 

86  Effective  #  of  existing  standard  fixtures 
43  Effective  #  of  low-wattage  fixtures 
=  1 30  Total  Fixtures 

TRACE  600  INPUT  FOR  LIGHTING  ECO: 

1.62  Watts/SF 
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